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PROGRESS IN PLASTICS 


HE story of plastics materials may be said to be 

a little more than 100 years old (if we forget the 

claim that the Egyptians used bitumen as a 

plastic), for it was in the 1840’s that gutta-percha 
was discovered and was used for the electrical insulation 
of cables. It was unique in its water-resisting properties, 
and the first practical submarine telegraph cable was 
laid between England and France in August 1850. It is 
thus possible to identify precisely the earliest point in the 
history of plastics having a direct association with the 
electrical industry. 

The use of gutta-percha-insulated copper wire for 
telegraph purposes led to the formation of the Society 
of Telegraph Engineers in 1871, and it can therefore be 
argued that The Institution was born out of the intro- 


duction of plastics to the electrical engineer. 


After the development of gutta-percha, there was a 
period during which nitrocellulose was invented and 
Alexander Parkes attempted to use this material for the 
production of synthetic ivory, the forerunner of our 
modern celluloid. At the end of the 19th century the 
casein plastics were developed; these are still used in the 
manufacture of buttons and decorative articles but suffer, 
so far as the electrical engineer is concerned, from 
instability and high hygroscopicity. 

Apart from gutta-percha, the application of plastics 
made little progress in the electrical field until the fruits 
of the work of two men, now very famous in the world 
of science, came to be utilized. The first was Dr. Leo 
Baekeland, a Belgian chemist, who went to America and 
who, between 1907 and 1909, filed his series of classical 
patents covering the reaction of phenol with formalde- 
hyde. The other was an eminent President of The Insti- 


' tution, Sir James Swinburne, a remarkable pioneer, who 


died a centenarian only 15 months ago and who became 
a Fellow of the Royal Society while still under 50. 
Sir James, also, was vitally interested in the phenolic 
teaction and was able to view the potential of these 
tesins against his wide knowledge of the electrical 


' industry, 


The practical result of the fundamental research 
carried out by these two people was to provide the basis 


for the expansion of electricity for domestic use. It also 
made possible the development of the telephone and 
ancillary services and, together with ebonite, contributed 
to the growth of the radio industry. Although these 
phenol-formaldehyde plastics found application in the 
electrical industry wherever insulation was required, they 
were lossy insulators and had other limitations. 

All electrical engineers, however, will be familiar with 
the laminate structures based on paper and fabric 
impregnated with phenolic and other resins and with 
the properties of the thermosetting moulding powders 
of the phenol, urea and melamine types, all of which 
have made a major contribution in the electrical- 
insulation field. 

It may be well to mention here the two terms used in 
describing plastics: (a) thermosetting materials and 
(b) thermoplastic materials. As they suggest, (a) denotes 
those materials which are irreversibly hardened by heat 
and (b) those which become soft and plastic under the 
influence of heat but regain their rigidity on cooling. 
A further characteristic is that the former are normally 
rigid materials, while the latter are generally flexible and 
usually possess high impact strengths. 

The resources of the plastics industry have been 
extended enormously since the 1920’s, when use of the 
thermosetting moulding powders was being expanded; 
and in the last two or three decades—particularly the 
last two—developments have taken place which would 
have taken a lifetime at the pre-war tempo of progress. 
Today, the electrical engineer has at his disposal a far 
wider range of materials than would have been thought 
possible 30 years ago, and he is well familiar with the 
part played by polymers of the thermoplastic type such 
as polythene, polyvinyl chloride and polystyrene. 

Each of these materials possesses special characteristics 
which make it outstanding in certain fields of use; and, 
as Sir Harry Melville inferred in his 1958 Kelvin Lecture, 
the chemist and the electrical engineer can now work 
hand in hand to tailor-make high polymers to meet 
specific needs. 

The history of polythene is a romance and is in no 
small measure the story of radar, the Battle of Britain 
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and the submarine telephone cable; polystyrene also 
made an invaiuable contribution to the success of radar; 
while polyvinyl chloride has provided an outright substi- 
tute for materials hitherto used in the insulation of 
domestic and other wiring, such as in automobiles and 
aircraft. Polytetrafluorethylene and other polymers con- 
taining fluorine are solving many high-temperature 
insulation problems. 

Silicones, in both enamel and ‘silicone rubber’ form, 
have also provided insulation media serving an inter- 
mediate range of temperatures between those satisfied 
by the conventional plastics and the fluorine plastics 
respectively. Space permits but a mere reference to the 
butyl rubbers, polyesters, Terylene and nylon, all of 
which have helped to solve the electrical engineer’s 
problems; but special mention must be made of the 
alkyd compounds, for which a useful future is forecast, 
because they have been shown to possess greatly 
improved tracking resistance when compared with 
phenol-formaldehyde plastics. 

We are now entering a new phase in this long associa- 
tion between the plastics and the electrical industries. 
The dynamic growth of the plastics industry and the 
world-wide spread of research have placed at our 
disposal many new materials, some of which are already 
in full application and others of which we may expect to 
see more of in the very near future. 

The most important advance that the plastics industry 
has made since the discovery of polythene, however, lies 
in the production of thermoplastic materials which are 
serviceable at temperatures formerly withstood only by 
thermosetting polymers. Thus it is that we have today 
‘high-density polythenes’, materials which are capable of 
being extruded and injection-moulded in the same way 
as the conventional polythenes but allowing much- 
increased maximum service temperatures, sometimes as 
high as 130°C. 

These materials fulfil a need where the much greater 


' 


temperature resistance and higher price of the fluorine | 
compounds, mentioned previously, are not warranted 
Another discovery is that the melting-point, or at any 

rate the softening temperature, of polythene and certain 
other plastics can be substantially raised by exposing the 
materials to high-energy gamma-radiation. Although 
molecular cross-linking occurs during this process, the 
good electrical characteristics of these plastics remaip 
unimpaired. Irradiated materials and the high-density 
polythenes have other properties of specialized use to 
the electrical engineer. 

The finding of new techniques for the manufacture of 
high polymers with highly regular internal molecular 
structures has been responsible also for the introduction 
of polypropylene, which is stable at temperatures as high 
as 160°C and offers possibilities for a greatly improved 
group of polystyrenes. Other research has resulted jp 
polymers of formaldehyde, a new group of materials 
known as polycarbonates which are founded on esters 
of carbonic acid, and a class of semi-organic polymers 
based on boron and phosphorus with maximum service 
temperatures up to 450°C. 











In each case the electrical engineer is being offered a 
range of properties that will permit critical applications 
hitherto thought difficult or impossible; and freedom of 
manoeuvre in the development of new techniques will 
be greatly extended by virtue of the availability of these 
products. Thus, whether in the construction of computers, 





the manufacture of printed circuits, the production of | 
electrical components for rockets, or for more humble 
applications where there is room for improvement, | 
materials will be to hand which will answer some if not | 
all of the problems he has to solve. | 
The link between the electrical engineer and the : 
polymer chemist is being forged more and more strongly, | 
while the technologist in the plastics industry is playing 
his part by forming the newly discovered materials into 
valuable articles for the electrical engineer’s use. 





First in safety 


ATIONAL industrial-safety records, based on employ- 

ment-injury compensation data or on a compulsory 
accident-reporting scheme, show that the lowest national 
rates, both immediately before and after the Second 
World War, have been achieved in the United Kingdom. 
Fatal-accident rates for manufacturing industries in the 
United States, Canada, the Netherlands and Belgium, 
while rather below average, are still two or three times 
higher than the corresponding figures for the United 
Kingdom. 

Since just before the Second World War there has 
been a steady decline in total accident rates in British 
and American factories, the 1957 figure being some 30% 
less than that for 1938. In India, however, the accident 
rate is rising steeply—50% by 1948 and 135% by 1956, 
compared with the 1938 figure. 


Abe 





The information quoted was given by Mr. Marcel | 
Robert, chief of the occupational, safety and health 
division of the International Labour Office, during the 
National Industrial Safety Conference at Scarborough | 
from the 8th to 10th May 1959. The conference, which 
was organized by the Royal Society for the Prevention | 
of Accidents, was opened by Sir George Barnett, a} 
Vice-President of the Society and a former Chief Inspector | 
of Factories. 

In his introductory remarks, Sir George referred to 
the work now being done to raise the standard of safety 
training in technical colleges. He also discussed the steps 
being taken by management in private industry to ensurt 
that the training of their workpeople is supported by: 
full understanding of the safety requirements for each 
individual job. 
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Some case-histories of business computers 


in the U.S. Ac crsccerss 


HE economics of business machines are not usually 
T= in explicit form, because users are unable, 

or unwilling, to state how much they are saving 
by the acquisition of the machines. There are no detailed 
accounts of the economies that any big firm has made 
by installing cash-register machines or even typewriters. 
It may be that, even if large financial savings are made, 
it is considered impolitic to broadcast the information. 


Notional economies 

But if users cannot or will not tell us how much they 
are saving, it is easy to tell them how much they ought 
to be saving. A good computer suitable for business use 
costs from £40000. One of the smaller types costs about 
£100000 to house and install. Another £20000 may be 
spent in a survey of the business procedure, streamlining 
the flow charts, and initial programming. The annual 
charge, at 15%, is thus £18000. The machine should 
replace 100 clerks (£60000 salary) by six clerks (£3600 
pa.), two programmers (£3000 p.a.), and one main- 
tenance engineer (£2000). There is thus an annual saving 
of £34000 on an initial outlay of £120000, which may 
be considered an excellent investment. 

According to temperament and the premises adopted, 
figures can be produced to show fantastic savings or to 
prove that computers are not economic. A fair conclu- 
sion is that electronic business machines are excellent 
investments if applied with care and skill but can result 
ina heavy loss if the approach is haphazard. 

J. Diebold, of the Management Science Training 
Institute, said in January 1958 ‘The application of 
electronic devices to routine office procedures has not 
been particularly successful in the United States’. While 
this is true of some cases, the majority of American firms 
would not agree with the statement. In particular, 
American Airlines are convinced not only that their 
electronic booking system is highly successful and 
profitable but that they could not have continued the 
expansion of their business without it. 


Case 1—Bank of America (California) 

In November 1953 a cursory study at the Bank of 
America (California) led to the conclusion that a large 
machine was not justified for tabulation but might be 
for management reporting. There are 150 applications 
in the business, but the programming required was 
prohibitive, and so a search was made for a field of 
large volume of detail. 

There are half a million real-estate loans and two 
million time-plan loans, involving some arithmetic 
apart from addition and subtraction. There are 600 
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The main purpose of this article is to show how computers 
have been introduced into some large American businesses, 
with special reference to the planning before installation 
and to how the problems during this period were solved. 

A secondary aim is to give some results of the use of 
computers as business machines. 

No attempt is made to discuss the design of computers 
or the theory of programming for business operations, 
because these are vast subjects and would obscure the 
main purposes. 

The article is based on a lecture given by Dr. Starr to 
the Measurement and Control Section on the 6th May 
1958 and repeated to the North-Eastern Measurement 
and Electronics Group on the 3rd November 1958. The 
author is chief of research and development with Rank 
Precision Industries Ltd. 


A. T. STARR, M.A., PH.D., B.SC., MEMBER 





decentralized branches, and centralization is considered 


-undesirable. The aim was to devise a central service 


bureau. The branches were divided into three categories, 
by which the central service could be used (a) for a long 
time, (b) part-time and (c) for only a little time. 

There was already in existence a motor messenger 
service to connect the branches with the central bureau. 

Fig. 1 shows a time chart of the operation. The 
branches were investigated, and 66 were found to be in 
category (a), i.e. more than one person’s full time was 
involved. This stage was reached in December 1953, 
i.e. in one month. In this month the management agreed 
to a tentative order for a computer for delivery in July 
1955. January-April 1954 was spent in looking for staff 
within the organization. Four men were chosen from 
the branches, not from systems or tabulating staff, and 
were trained between April and July 1954. 

Programming began in July 1954, and by October 
1954 four more men had been added to the staff: two 
were from branches of the bank, and two were mathe- 
matical graduates with some experience in computer 
installation and with the particular machine. By Novem- 
ber 1954 the job had been programmed. Modifications 
were considered desirable which took one month more. 
The computer order was put off till August 1955. 

January-April 1955 was taken up with testing the 
programme, polishing up, and writing some experi- 
mental programmes in the field of management reporting. 
By April 1955 they were sure there were no substantial 
mistakes. 

The first application to be programmed was real- 
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estate accounting, and it was assumed that 100000 real- 
estate loans would be dealt with by the end of 1955. 
These loans, in 66 branches, were picked up on four 
manually packed records to be prepared for entry into 
the system. In April 1955, it was arranged to employ 

























































Cursory study. Management placed a 
tentative order for a computer for 
delivery by July 1955 
cies a 
‘ \ Staff of four engaged 
J 
Apr.— |— } Staff trained at computer manufactory 
and at bank 
Programming started 
Four more staff engaged, two mathe- 
1954 = July——|— }) maticians 
Oct. —|—— Programming completed 
—_-—-Jan. —-|—— Modifications in programming 
+ Programmes tested and perfected 
Apr.—/|—— 40 school-girls engaged 
1955 July —|— New records typed for 100000 loans 
MACHINE ARRIVED 
Oct. —/—— Parallel run 
Single operation decided 
100000 accounts absorbed into normal 
{ operation 
Jan. 100000 coupon books printed 
Machine extended 
Apr.—|— 
200000 loans absorbed into the machine 
1956 July —|— 
Oct. —|—— 300000 loans absorbed 
7 Management and statistical reporting 
Jan. . 








1_ A log of the introduction of a computer into a bank 





40 high-school and college girls in the summer holidays. 
New records were typed, including punched tape, and 
converted to cards. During the training period, 10000 
loans were typed, discarded, and retyped to eliminate 
errors. 

In June-August 1955, the 100000 loans were set up 
with the relevant information, except for the balances on 
the loan and trust fund and principal. Duplication was 
started so that the work might be done both on the 
machine and by the usual method when the equipment 
arrived. They were prepared for running five weeks’ 
parallel work for two branches when the machine 
arrived on the 3rd September 1955. 

To check the mechanism of moving data from one 
tape to another in a large magnetic-tape file, the work 
for the two branches during the five weeks was run each 
day ten times, alternating the tape cycle and producing 
a tape record from the comparison routine. The outputs 
of the tapes were compared, and each was printed out 
ten times. 

The work for the five weeks, and for two weeks more, 
was run off in four weeks. The result was satisfactory to 
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inspection and management, and on the 3rd October | 


the decision was taken to burn the bridges and rely on 
machine operation only. By the 19th November 1955 
the 100000 accounts had been absorbed into norma] 
working. The period was strenuous: during 23 consecy. 
tive days the average day was about 20 hours, but the 
job was done a fortnight ahead of time, at less cost than 
by the manual method. 

By December, 100000 coupon books of the punched. 
card type had been produced. 

Before the end of 1955, they began to consider the 
time-plan loans, the target being to absorb 200000 loans 
by the Ist April 1956. It was not possible to hire 40 typists, 
and so the task was done during April-June 1956. During 
the rest of 1956, 300000 loans were absorbed. 

The computer was extended considerably in February 
1956, and the 300000 loan jobs can be done in a single 
shift. Another shift is used for research. Twenty small 
programmes have been written for management reporting 
and seven larger programmes for cost accounting, cor- 
porate-trust dividend dispersing, etc. 

One of the effects of the machine is increased revenue 
on delinquent charges, as the machine gives a rapid 
alarm: it will also calculate the interest arising from late 
payment, which is a task that a manual worker will often 





2 The agent-set for an airline’s electronic booking system 





shirk because of the small amount involved. The machine 
is also programmed to answer questions such as ‘How 
do teachers earning $3000 compare with plasterers 
earning $8000 regarding prompt payment?’ Much 
information of this sort is now used for managemeil 
purposes. 

The sorting of cheques of random size and papé 
thickness is done by a sorter at a rate of 600 cheque 
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per minute. At present a magnetic code is used, but 
magnetic characters may be introduced. 


Case 2—American Airlines 


American Airlines have an electronic booking system 
at West Terminal, New York. 

The agent’s unit is a small desk machine with key- 
board and lights (Fig. 2). When a request is made for 
seats on a flight, the operator in the agency selects a 
metal card from a drawer and inserts it in the machine. 
The card (Fig. 3) shows a number of flights for the given 
leg of travel, together with times bracketing that required ; 
the operator presses the date and the number of places 
(up to four) wanted. Lights show whether there are 
vacant seats. 

If places are available on an acceptable flight, the 
operator pushes a key which causes the magnetic-drum 
store to reduce the free quantity by the number allotted. 
If seats are cancelled, the operator can increase the 
amount in the drum store by the appropriate number by 
pressing a ‘cancel key’. 

The coded cards list all leg combinations in the 
American Airlines network; the coding method can be 
seen in Fig. 3. Both sides of the plate are used. When it 
is inserted in the agent’s set, a shutter which actuates a 
two-position switch covers one line of print and causes 
an additional element to be added to the code. The 
binary codes thus developed form group and channel 
addresses. 

The eight segments into which each line of information 
is divided are known as legs. This indication is not coded 
but fed directly to the data-processor as a position. The 
group code, channel code and leg position combined 
make up a unique address. Since a particular flight may 
appear on many plates, the address thus located contains 
a second address at which the information is stored. 
This second address is a 12-bit binary code; the number 
of passengers booked is retained in binary form. 

The flights for other airlines are listed in a book to 
which reference is made if the total travel needs another 
airline for its completion. 

The agent’s keyset can be interrogated for some flight 
conditions. The master agent unit can be interrogated 
for full flight information and can book up to 256 seats 
per flight. 

The agent and master agent sets send their information 
to the computer and thence to the drum. The latter is 
about 12in. in diameter by about 24in. long, stores 
about one million ‘bits’, and can control about 15 million 
reservations: this is possible because there can be up to 
256 seats per flight, and the number of passengers 
booked per flight is given in binary form. The inventory 
is kept in terms of places available for sale. 

The original assignment, known as seats allowed, is 
noted; and a read-out command causes the processor 
to subtract the number of places still free from those 
originally allowed, to give the number of passengers 
booked. When the availability inventory reaches zero, 
4 stop-sale message is produced on printed perforated 


JUNE 1959 


tape, so that downline stations not similarly equipped 
can note the fact. The computer is duplicated, as is the 
drum. 
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3. A coded metal card for insertion in the agent-set in Fig. 2 


The unduplicated equipment was installed seven years 
ago and had an availability of 99-8%. The equipment 
was duplicated in September 1956 and, except for a 
breakdown for 14 hours in the week after installation, 
has worked without failure since. If a unit develops a 
fault, the duplicate part operates and an alarm indicates 
the position of the trouble. It is hoped to achieve an 
availability of nearly 100%. 

The drums store information for a month. Informa- 
tion for flights more than a month away. is stored on 
cards, and at the end of each day the information for 
the day a month ahead is loaded into the drum. 

A magnetic-tape machine has been developed to 
accept telephone messages and send them at three times 
normal speed to machines at other offices, where they 
are read when time permits. 

The installation at West Terminal has 120 agent-sets 
(not fully manned in 1956) and receives 12000-15000 
calls a day. 

Much of the work is still manual (aided by conveyor 
belts). It is claimed that the electronic booking system 
has removed a serious bottleneck and enables the 
corporation to process more flights. 


Case 3—Certified Grocers of California 


Certified Grocers of California are a wholesale 
grocery owned by 1200 retail shops. They have 800 
employees and more than 700000 square feet of ware- 
house, and in 1955 their turnover exceeded $250 million. 
Over 300000 cases or units are bought, stored and 
shipped each day. Since 1939 tabulating machinery has 
been used for billing and inventory control: there are 
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25 card punches and 50 card tubs; the rental is $7000 a 
month, and card costs for billing are $60000 a year. 

At the end of 1955, the methods and tabulating 
supervisors were assigned to study the situation, starting 
with a complete analysis of billing and inventory control. 

They were to evaluate the costs in January 1954, the 
relation of costs to volume in January 1956, and the 
future trend of costs. The analysis showed that costs 
increased 38% for a sales increase of 26%, and action 
seemed necessary. Three random-access computers were 
investigated, and the conclusion was reached that each 
would reduce costs, increase capacity and speed, and 
allow management reports to be produced. A computer 








4 Acomparison of grocery billing costs 
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of local manufacture was recommended, for which 
lease costs were $20400 a month and the purchase price 
was $754000. Extra tabulating and punched-card equip- 
ment would cost $5000 a month. 

On a one-shift basis, about 50 months would be 
required to amortize the equipment. A two-shift opera- 
tion would reduce this to about 30 months and would 
favour purchase: lease costs increase 50°%% for the second 
shift. 

An assessment was made of the economics, including 
the cost of training and of installation, determining the 
pay-out period, and savings. The figures were found for 
(1) the projected cost of the current method of billing 
and inventory control for the six years starting the 
Ist June 1956, and (2) the cost of the computer system 
for the same period. It was assumed that training and 
conversion costs of $100000 would be incurred in the 
first two years; that $50000 would be spent on labour 
and incidentals in the first year; and that there would be 
a five-year write-off period, less 25°% for salvage value. 

Fig. 4 shows the billing costs per year of the current 
method and the projected machine costs. 

Employees were informed of each move at group 
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meetings. It was stressed that a minimum of outside 


people would be brought in, and six evening-clag. | 


sessions were held to select five programmers: ope 





i 





selected man was a truck driver and has turned out to | 


be a good programmer. 


Case 4—Collins Radio Company 


There are 8000 employees of the Collins Radio | 


Company at Cedar Rapids and more staff at Dallas ang 
Burbank. Mechanical tabulating equipment has beep 
used since 1943 for records, accounting, manufacturing 
and sales. In 1953 it was felt that the machinery was 
inadequate in speed, flexibility and comprehensiveness 
to cover the company’s operations, and electronic 
installations were considered. Fig. 5 shows the time 
chart of the operation. 

Between autumn 1953 and April 1955, the director of 
the systems-control department, the secretary-treasurer, 
and some of their staff read electronics, attended con. 
ventions and conferred with manufacturers. In May 
1955 a medium-size computer was ordered. 

The systems-control department was given charge of 
the operation: the manager of the tabulating services 
department was made manager of the electronic data- 
processing department as well. 

Two men were chosen from the tabulating procedures 
group to act as programmers. The computer staff were 
trained in May-July 1955. On the Ist July, feasibility 
studies were started for the major applications. Those 
showing promise were programmed, and in November 


they were tested at the computer manufacturer’s test | 


centre. The computer was installed on the 9th January 
1956. On the 19th January, a parallel run was made, 
using the conventional tabulating method as well as the 


computer, on payroll and labour distribution. The result | 


with the computer was so successful that the next week’s 
run was made with it alone. On the Ist February, a 
parallel run was carried out on material control. 

The machine is being used to prepare factory and 
clerical payroll and labour distribution. For the factory 
payroll, the information regarding rates, attendance 
hours, labour-distribution hours, deductions, and 
quarterly and yearly earnings and taxes are recorded on 
punched cards, which feed the computer. 

The computer balances the attendance hours against 
the reported distribution hours, computes weekly gross 
earnings, taxes, deductions, and net pay, as well as new 
quarterly and yearly earnings and taxes, U.S. tax bond 


balances and direct and indirect labour-distribution | 


detail, and develops 53 final totals for complete verifica- 
tion of all payroll factors. The output cards are ready 
for the preparation of tabulating-card checks and 
earnings statements, payroll registers, labour-distribution 
reports, quarterly social-security reports and yearly tax 
with holdings. 


Advantages accruing are as follows: The complete 


payroll and labour distribution are obtained in om 
operation: 81 machine and clerical operations at 
eliminated. To provide accurate balancing of payrol 
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and labour-distribution information, 53 control cards 
are produced. A daily work-performance card for each 
employee is furnished for the preparation of efficiency 
reports to the industrial engineering department. Payroll 
deductions are arranged in priority sequence. Payroll 
cheques, registers and labour-distribution reports are 
qailable one day earlier. The computer time per 
employee is 64 seconds. 

The computer is also used for material control of 
service parts, finished goods and inventories. There are 
40000 active parts in the inventory. Each day, reserva- 
tions, order and stock positions, and balances are the 
inputs. The computer outputs are used to prepare 
reports, by part number, of the transactions, reservations 
positions, orders, and stock available; outputs cards are 
also supplied for use by the accounting department. The 
computer has reduced the processing time by half, 
decreased night-shift overtime, and advanced the time 
of reports. 





§ Time chart of introducing a computer into a radio 
manufactory 


1953 





|. Ot.—|— } 
in. oe | 
| Apr.—|— | 
1954 July —-|—— , Staff studied, attended conventions, etc. 
| 
|  Oct.—j— | 
-—Jan. —|— | 
| 
| Apr.—|—— < Computer ordered 
| Staff trained 
1955 July —— p 
tl as 4 Feasibility studies 
| | 
a Computer installed 
— Parallel run on payroll and labour distri- 
| bution 
a Single run on payroll and labour distri- 
bution 
— Parallel run on material control 
Apr.—|—— 
i956 iy —|— 
| 
| a 
’ ——Newer model received 
Jan. ——- Random-access memory device ordered 


for end of 1957 





Another application is machine-tool loading, the 
reports being used by the scheduling department to 

mine shifts, overtime, and subcontracting. Other 
applications are the breakdown of parts and assemblies 
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in manufacture; material accounting; and reporting of 
cost versus budget for research and development. 
Applications being planned included order backlog and 
shipping schedule. 

A larger model was received in December 1956, and 
the previous computer was taken over by the research 
and development division for research problems. It was 
planned to buy tape machines, tape printers and random- 
access memory devices at the end of 1957 and to increase 
the computer staff by three men from the manufacturing, 
controller’s and sales divisions. In particular, financial 
and accounting problems were to be dealt with. 

It was stated that there was a direct saving of $500 per 
month, arising from a reduction in staff and in overtime. 


Magnetic-tape files 

There is almost unanimous agreement among users of 
computers that magnetic-tape files are greatly to be 
preferred to card stores. Pan-American World Airways 
go so far as to say that punched cards should be aban- 
doned wherever possible: they have standardized on 
receiving their computer information on magnetic tape, 
which they remove to a high-speed printer for printing 
the necessary documents. 

The difference between the installations of American 
Airlines and Pan-American Airways is one of emphasis. 
The former concentrate on the booking problem, 
including the agent facilities. The latter deal with control 
and accounting and with ticket processing. 

The experience of the New York Life Insurance 
Company in converting their data from punched cards 
to magnetic tape is of interest. They have to handle 
44 million policies, which used to be held in five files of 
224 million cards. On acquiring a large computer, they 
reduced the records to two files of 9 million cards and a 
magnetic-tape file. They have four engineers on the 
computer and find that maintenance is easier than 
expected. 

On a specific task, they quote that manual operation 
took 3300 man-hours; a small-size computer took 
170 hours, while the large computer takes 30 hours— 
23 hours for programming, 7 hours for print-out and 
24 minutes of machine time. The machine has given an 
efficiency factor of 90%, i.e. it is operative 90% of the 
time it is called on; the production factor is 78%, the 
loss being due to human errors, repetition of jobs, and 
defective tape. 


Management by exception 


The Commonwealth Edison Company volunteered 
some information on their staff savings resulting from 
the use of a large computer. They have 1800000 custo- 
mers; and their revenue accounting is done by the 
computer and 205 employees (35 staff), whereas the 
previous mechanized system required 470 men. Their 
net saving is thus 265 people, or about 60%. Incidentally, 
they are among the minority of large firms who employed 
industrial consultants to help set up their present pro- 
cedure: they think it was to their advantage. 
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Some firms feel strongly that a great advantage, 
difficult to value in terms of money, is the help that large 
computers can give to management by producing reports 
in time for decisions to be made. Moreover, the machine 
can be programmed to suppress information so that 
only items requiring decision are allowed to emerge into 
management reports: this is called ‘management by 
exception’. 

Mr. E. S. MacMichael, of the American Bridge 
Division of the U.S. Steel Co., gives, with becoming 
modesty, the following rules of thumb: 


‘1. If the proposed installation rents for not more than 
10% of the present salary cost of the office for which it 
will function, I believe the hardware cost is probably 
not excessive. 

‘2. If you have any real misgivings about the propriety 
of a programme proposed for your company, don’t buy 
it. Even if the programme is sound, your misgivings 
would, to me, be conclusive evidence that your organiza- 
tion had not yet completed the preliminary steps 
necessary to make even a sound programme successful. 
‘3. My company runs two computers and one controlled 
programmed calculator, and it is planning an integrated 
electronic data-processing system. Despite headaches 
and mistakes, which were many, we are in computing 
to stay.” 


The American attitude 


I met one rather amusing effect attending the intro- 
duction of a large computer. A big firm in Boston was 
so pleased to install it that, for reasons of prestige and 
advertisement, the machine was given pride of place and 
accommodation, with the result that the displaced 
clerical staff were pushed into much less pleasant 
surroundings. The personnel department was occupied 
for quite a time explaining away this unexpected result 
of office automation; but they found it difficult to 
assuage the jealousy of the machines that was aroused 
in the unfortunate staff. 

It is often said in Britain that because Americans, 
management and employees alike, welcome the intro- 
duction of automation unreservedly it is developing 
much more rapidly there than here. To prove that this 
view is quite wrong, I quote Mr. Cohan of the Office 
Employees Union, who says that his union is very much 
concerned with three things about automation: 


1. The cause 

2. The probable effect 

3. The method of transition that will provide the 
greatest amount of protection to the largest number of 
people with the minimum adverse effect on the economy 
as a whole. 


We should do well to assume that Americans object 
to unemployment just as much as Britons do. American 
managements are successfully introducing office auto- 
mation quite rapidly, but they take good care to protect 
their staff in all ways possible. 
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There is a feeling that one encounters that not a fey | 


British installations have been ‘ill-conceived’, so that the 





results are disappointing. In America, business methods 
are treated more thoroughly than in this country; jp 
fact, the Americans take a more professional view of the 
subject. 


Summary 

There is little information about the economics of 
business machines in use. One American user says ‘If the 
proposed installation rents for not more than 10% of 
the present salary cost of the office for which it wil 
function, I believe the hardware cost is probably not 
excessive’. Business machines are excellent investments 
if they are applied with care and skill, but they can 
result in a heavy loss if the approach is haphazard, 

A great advantage, difficult to value in terms of 
money, is the help that large computers can give to 
management by producing reports in time for decisions | 
to be made to effect desirable changes. The machines 
can be programmed to suppress information requiring 


— 


no decision, so that management reports can be greatly 


reduced in bulk. 

A wholesale grocer found that office costs were rising 
more rapidly than sales: a new method was needed to 
ensure that growth does not impair efficiency. An airline | 
company installed an electronic booking system to 
obviate a bottleneck. 

Office automation is proceeding more rapidly in the 
U.S.A. than in Britain. Our slowness is probably due to 
conservatism in, and lack of incentive for, management. 


——— 





Scotland-Faeroes-Iceland cable 


THE U.K. Post Office, the Danish and Icelandic Adminis. | 
trations and the Great Northern Telegraph Co. have 
reached agreement on the laying of a submarine tele 
phone cable between Scotland, the Faeroe Islands and | 
Iceland. Orders have already been placed with a British 
manufacturer, and the cable should be in service before 
the end of 1961. 

The section between Gairloch, Scotland, and Thors | 
havn, in the Faeroe Islands, will be owned jointly by 
the U.K. Post Office, the Danish Administration and the 
Great Northern Telegraph Co. It is 284 nautical miles | 
long and will use ten rigid repeaters of Post Office design. | 
The Thorshavn to Vestmannaeyjar, Iceland, section— J 
400 nautical miles—will require 15 repeaters. Apart } 
from the shore ends, the two sections of cable (0-46in. 
coaxial armoured submarine type) will be laid by) 
H.M.T.S. Monarch in September and October 1961. f 

Twenty telephone circuits, in addition to a large number 
of telegraph circuits, will be provided by the new cable, 
which will also enable telex services to be establish | 
with Iceland and the Faeroes. Civil-aviation authoritié | 
are expected to use some of the circuits for control of | 
transatlantic air routes. 
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et MEETING FOR 50TH KELVIN LECTURE 


INSTITUTION HONOURS FOR 1959 ARE PRESENTED 


Sir David Brunt on the International Geophysical Year 


was crowded for the Kelvin Lecture Meeting on the 

23rd April 1959. The new Corporate members having 
been welcomed by the President, Mr. S. E. Goodall, and the 
names of the scrutineers of the ballot for the election of 
new members of Council having been approved by the 
meeting, the President proceeded to the presentation of the 
vellum certificate to Charles William Speirs recording his 
election as an Honorary Member of The Institution. He said: 


T= Lecture Theatre of The Institution of Civil Engineers 


‘Charles William Speirs was born at Haltwhistle, Northum- 
berland, on the 18th December 1873. He was educated at 
St. Bees and matriculated at Glasgow University, at first with 
the object of taking up medicine. After studying anatomy as 
a medical student for a year under Prof. Howden, and indeed 
helping his father, Dr. W. R. Speirs, with two operations, he 
took engineering classes at Durham University and in 1891 
entered the works of C. E. Parsons at Heaton as an engi- 
neering apprentice. From 1893 to 1895, entering as a second- 
year student, he studied at the Central Technical College 
under several professors, including Ayrton, Unwin and 
Armstrong. 

‘In 1898 Mr. Speirs joined the firm with which he was to be 
actively associated for nearly 50 years, the Morgan Crucible 
Company, originally on a year’s appointment to advise them 
on changing over from beam-engine power drive to electric 
drive. He continued with them as engineer and technical 
adviser. During this time he put up one of the first turbine- 
driven plants in London and played an important part in the 
design and development of graphite brushes. He also contri- 
buted to the production of large high-temperature resistors 
and was responsible for the erection of one of the first 
electrical ceramic kilns in Sweden. 

‘The fact that 24 patents were taken out in his name in 
connection with his work at this time is an indication of his 
activity in the field of scientific development and research. 
He was appointed a director of his company in 1905, and 
28 years later he relinquished his position of managing 
director with full-time duties but remained on the board for 
15 years before he retired in 1947. 

‘In addition to electrical engineering, he has always devoted 
considerable attention to civil and mechanical engineering. 
He has been responsible for the building of factories in New 
York, Paris, Berlin and St. Petersburg, and for an early 
example of ferroconcrete building in London. 

‘His outside interests, particularly since his retirement, 
have been varied and have largely centred on works of public 
service. In 1934 he was elected to the Surrey County Council, 
and in 1936 was chosen by his fellow-citizens as the first 
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Mayor of Malden, the locality in which he had taken up 
residence in 1898. In his capacity as magistrate, and later as 
chairman of the Kingston Bench, he performed substantial 
public service, and likewise as an income-tax commissioner 
until 1957. 

‘His keen interest in engineering education is demonstrated 
by his long period of service, 30 years, as a governor of 
Battersea Polytechnic, for half of which period he served as 
chairman of the board. 





Charles William Speirs 





‘He first joined The Institution as an Associate in 1897. He 
was transferred to the class of Associate Members in 1903 
and to the class of Members two years later. This, I would 
point out, means that Mr. Speirs has been for well over 
50 years a full Member of this Institution. (applause) He is 
also a Founder-Fellow of the Institute of Physics. 

‘Always a firm supporter of the activities of The Institution, 
and in particular of the Incorporated Benevolent Fund, he 
made to the latter a substantial gift of land from his Malden 
estate in 1944, accompanied by a notable endowment. These 
gifts, supplemented by the contributions of members to the 
Homes Fund, brought into being the residential estate for the 
beneficiaries of the Incorporated Benevolent Fund known as 
the Chesters Estate. 

‘It now gives me great pleasure to ask Mr. Speirs to step 
forward to sign the Honorary Members Book and to receive 
the certificate of Honorary Membership.’ 
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The President then made the presentation, amid applause, 
and added that the meeting would like to hear a word from 
Mr. Speirs, who, having sat down to sign the book of Hono- 
rary Members and Faraday Medallists, stepped up to the 
rostrum and gave a modest expression of thanks. 





Mr. Speirs remarked that Mr. Goodall had said a great 
many nice things about him but had not mentioned the bad 
things. ‘I am afraid that I really have not been a very good 
member of The Institution. The Institution have dug up some 
records; and I am told that, 61 years ago, in February 1898, 
I attended a meeting such as this and was able to make a few 
remarks and suggestions on the matter under discussion. It 
is curious that this meeting should be held at The Institution 
of Civil Engineers, because it was at a meeting held in the 
premises of The Institution of Civil Engineers that I made 
those remarks, and now I am here once more. 

‘In the intervening years I am afraid that I have not done 
very much for our Institution. I have attended a few committee 
meetings in the last ten years. I hope that those young men 
who have just joined us and been welcomed by the President 
will do a little more than I have done. — 

‘I was born in 1873, which is exactly two years after our 
Institution was born. I thank you very much for the honour 
you have done me, and I hope that I can retire from this 
meeting as I did from the meeting 61 years ago, when Ayrton 
made some nice remarks about me. Those who want to know 
what the remarks were will have to look in the Journal for 
them!’ 


The Faraday Medal 

Next, the President referred to the 37th Faraday Medal. 
This had been awarded to Luigi Emanueli, who most regret- 
tably passed away shortly after the award was made. Mr. G. 
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Baricalla, a close associate of Mr. Emanueli’s, was present to 
receive the Medal and certificate on behalf of the family, 
The President said: 


‘The late Luigi Emanueli was born in Milan in 1883 and | 
was educated at the Milan Polytechnic, where he obtaineg 
a degree in electrotechnical industrial engineering in 199 
Immediately afterwards, in 1907, he joined the Pirelli Com. 
pany and forthwith directed his attention to research jp 
electrotechnical applications. At the age of 25 he read a Paper 
before the Italian Electrotechnical Association in Milap | 
entitled ‘Experimental research on dielectric losses’, which 
gave the results of his investigations. 

‘A few years later he became one of the first to discover the | 
phenomenon of ionization and the first to realize its impor. 
tance in the life of cables. This followed his studies of the 
measurement of dielectric losses, made in the laboratory with 
apparatus of his own design. At this time his technical interes, 
was equally centred on the characteristics of insulating 
materials, and particularly paper and impregnated com. | 
pounds. After some years of research, he discovered in 19}8 
the law of the relationship between the porosity of paper and | 
its electric strength. The instruments which he developed 
in the course of this work are now widely associated with his 
name. 

‘In 1917, at the age of 34, he was appointed chief engineer 
of the Pirelli Company in Milan and in 1919 of the Pirelli | 
associated company in England. It was during this period | 
that one of the most significant advances in the history of the 
cable industry came about, due to the inventive brilliance of 
Luigi Emanueli—the introduction of the oil-filled cable. 

‘This invention effected a solution of the problem of power 
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Luigi Emanueli 


transmission through very-high-voltage cables at a time whet J 
the demand for more electric power in all parts of the =| 
was beginning to make itself heard. Since the first exper 5 
mental length of 132 kV oil-filled cable was laid at Brugheni, | 
near Milan, in 1924, it has become well established in maty 


countries as the Emanueli cable. In the last few years, 220k\ 
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oil-filled cables have been laid extensively in Milan and Turin, 
and other cables are now in use at 350kV. 

‘Luigi Emanueli did not, however, content himself with 
research on power cables alone. His enthusiasm was also 
directed towards the development of telecommunication 
cables, and as early as 1910 a telephone cable of his design, 
consisting of one pair of continuously loaded copper con- 
ductors with paper insulation and lead sheath, was laid by his 
company to connect Milan with the hydro-electric station at 
Grossotto, 160 miles away, and was at the time the longest 
in the world. 

‘Also designed by him was the submarine telephone cable 
connecting Italy and Sardinia, laid in 1913 and incorporating 
for the first time a layer of copper wires over the insulation 
to reduce the resistance of the return circuit, a practice which 
has since become common in the manufacture of this type 
of cable. More recently he was responsible for the design and 
construction of a deep-sea telegraph cable, laid in 1953 
between the south coast of Portugal and Brazil. 

‘His connection with England was of long standing. In 
1929, ten years after his appointment as chief engineer of the 
associated company in this country, he was invited to deliver 
a course of lectures on cables at London University; these 
were quoted in his book ‘High-voltage cables’, which remains 
astandard work of reference on the subject. Ten years after 
this, he was appointed director of Pirelli-General Cable 
Works in England. 

‘His command of our language was of a very high order, 
and he had a manifest affection for the English-speaking 
countries. Incidentally, this was signified by a framed quota- 
tion from Longfellow which hung over his desk for years and 
which I had the privilege of seeing there. He was recently 
elected an Honorary Member of the American Institute of 
Electrical Engineers. 

‘During the course of his distinguished career he was 
awarded many honours, among them the Presidency of the 
Italian Electrotechnical Association in 1933-35. He rose to a 
high position in his Company: at the time of his death he had 
been deputy chairman of the Pirelli organization for five 
years and had retained his activity and interest in the engi- 
neering field to a remarkable extent. In recent months, 
however, his health declined, and it was with a very real sense 


» of great loss and with deep regret that we heard of his passing 


on the 17th February 1959, shortly after the Council’s 


| decision to award him the Faraday Medal for 1959.’ 
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The President then handed the Medal and scroll to Mr. G. 


Baricalla, who made the following reply: 


‘It must be a source of deep regret to all of us that Luigi 
Emanueli died only a few days after learning that his life’s 
work had gained him the crowning distinction of the Faraday 
Medal and without having heard the kind and appreciative 
citation by the President. Mr. Emanueli honoured me with 
his friendship for the last 25 years of his life, and I know that 
he would have regarded this award as a token of the apprecia- 
tion of The Institution not only of his own personal work but 
also of the work of the team of engineers that he led and 
inspired, 

‘During the greater part of his life he devoted much time 
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and attention to the training and teaching of young engineers 
in the field of research, and many of his pupils throughout the 
world are now making a positive contribution to our know- 
ledge of electrical phenomena in the cable field. 

‘Apart from his greatness as an engineer, Luigi Emanueli 
was also a great humanitarian. In his pioneering work he 





Mr. G. Baricalla receives Mr. Emanueli’s Faraday Medal 





derived inspiration from the knowledge that his efforts were 
helping to bring the benefits of electric power to both indus- 
trial and domestic users and that this in turn was raising the 
standard of living of millions of people. His kindliness was 
universal and endeared him to all who came in contact with 
him in all parts of the world. 

‘On this occasion I should like to quote from a letter written 
by Mr. Emanueli shortly before his death to the Secretary: 


“There are no words which can adequately express the 
deep emotion and immense pleasure which the news contained 
in your letter has given me. May I ask you please to convey 
to the Council of The Institution of Electrical Engineers and 
to all those who had a part in electing to award me the 
Faraday Medal my most heartfelt thanks and sincere grati- 
tude. I am fully conscious of the importance of this high 
honour, and it is with a deep sense of pride and respect that 
I join the very distinguished men who have qualified for this 
award before me. With all my heart I am happy to accept this 
award, which I know to be the crowning satisfaction of my 
long life spent in the investigation of electrotechnical 
problems.” 


‘At this stage I should like to quote the late Prof. Fortescue 
of London University, after the course of lectures which 
Mr. Emanueli gave in London in 1929 and to which you, 
Mr. President, have already referred. He said: 


“The technical and scientific method according to which 
the cables described in the lectures have been studied could 
well be considered an example of a method to be followed by 
any industry for the study of manufacturing processes.” 


‘During the years since then, those of us who had the 
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privilege of knowing Luigi Emanueli were well aware that 
he, with his collaborators, always endeavoured to apply and 
improve this method, which appears to be the most rational 
for the study of the many problems which arise in industry. 
‘It now only remains to thank you, Mr. President, the 
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members of the Council and all the members of The Institu- 
tion, and to thank you on behalf of the family of the late 
Luigi Emanueli for the honour you have accorded him.’ 


The President next presented the Page Prize to Mr. P. R. 
Allcock and a number of Institution prizes to holders of the 
H.N.C. or H.N.D. in electrical engineering with the highest 
marks in or near the London area. Similar prizes to winners 
in other parts of the country are being presented at local 
Centre meetings. The President remarked, for the benefit of 
visitors, that the envelopes handed over were not just birthday 
cards—they had some monetary value. 


KELVIN LECTURE 

Introducing Sir David Brunt, the President referred to the 
fact that this was a jubilee occasion in that it was the 50th 
Kelvin Lecture. It was necessary to find someone outstand- 
ingly eminent, and this had been done by securing the services 
of Sir David. 

In his capacity as Secretary A of the Royal Society, Sir 
David had been responsible for the organization of the 
British participation in the International Geophysical Year, 
so that it was very appropriate that he should lecture on 
‘The International Geophysical Year, 1957-58’. 

Sir David, who is Chairman of the Electricity Supply 
Research Council, prefaced his Lecture with the remark that 
he assumed his hearers read their newspapers at least twice 
a week, as this enabled him to leave out many preliminaries 
of his subject, one hour being quite inadequate to cover so 
vast a topic. 

When the proposal of having an International Geophysical 
Year was first considered in 1952, it was already realized that 
many geophysical phenomena are greatly influenced by solar 
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activity, as manifested by sunspots and the bright flares Which 
can occur along with sunspots. For this reason, it was decided 
to have the I.G.Y. in 1957-58, which was expected to be a 
time of maximum of sunspots, and to pay very special regard 
to the ionosphere, the aurora, cosmic rays, and geomagnetism, 
all of which are influenced by solar activity. 

In addition, investigations would be made in meteorology, 
oceanography, glaciology, seismology, and gravity: disciplines 
which would gain much from an intensification of the wor, 
already being done and from an extension of the network of 
existing stations to regions in which observation stations were 
sparse or altogether lacking. 
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Radiation from flares 


The first achievement of the I.G.Y. was the organization 
of the ‘solar patrol’, by which a continuous watch of the sup 
was maintained at almost every possible minute of the day. / 
light hours to obtain a record of the sunspots, and more 
particularly of the bright flares associated with sunspots, and 
at the same time to make it possible to determine, some days 
ahead, the probability of the occurrence of flares. When this 
was likely, all observers were notified. 

From the flares, radiation in the form of waves and electri- 
fied particles is sent out, the waves travelling with the speed 
of light and the particles more slowly (Fig. 1). The waves, | 
notably the ultraviolet and X-rays, penetrate down to the 
D layer, the lowest layer of the ionosphere, and produce fading 
of radio signals by absorption in the D layer. The fade-out 
starts at the first moment of the flashing up of the flare, and 
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Sir David Brunt, Sc.D., F.R.S. 


a record of the fade-out gives the time of initiation of th 
flare. 

The flare has an area of several hundreds of millions d 
square miles and develops up to about ten times the norm | 
brightness of the chromosphere, perhaps in less than a minut. 
This, commented the lecturer in a typical aside, represents} 
source of power so vast as to make an electrical engineer gre 
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with envy. It has been found that a magnetic storm is likelier 
to follow a flare seen near the centre of the sun’s disc. When 
the flare is near the limb of the sun, the earth is less likely to 
be in the line of particle fire. 

From this it is concluded that the particles are emitted from 
the sun in a vertical direction. 

The slower-moving particles emitted from the flare are 
deflected towards the regions of the 
geomagnetic poles, and only the par- 
tices of very high energy can reach 
middle latitudes. All these particles 
reach the earth one or two days after 


lower atmosphere, it is not possible to record it from the 
ground. 

Aerobee rockets have located strong sources of ultra- 
violet radiation which do not correlate either with naked-eye 
objects or with radio stars. For example, around « Virginis 
extensive nebular sources have been found radiating in the 
band 1225-1350 A, but there is no visual nebula in that 
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that with the approach of totality the  “A'NtY PROTONS aiethiated unietienes A~ 5 METRES LIGHT AND X-RAYS 
ultraviolet rays emitted from the sun 
diminished to zero while the X-ray [ DELAYED errects | [SIMULTANEOUS EFFECTS| 
intensity remained unchanged, showing 
that the ultraviolet rays emanate from 
the disc of the sun while the source 
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United States and the Soviet Union, 5&4. Sudden 
has shown that, at the time of a flare, 
the lines of force in the adjacent 
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1 Radiation from sun flares and its effects 





magnetic field undergo a _ sudden 
redistribution, suggesting that in the 
flare there is a sudden conversion of magnetic energy into 
wave and particle radiation. 


No such thing as empty space? 


Perhaps the most striking triumph of rockets and satellites 
was the discovery by J. A. Van Allen, by means of instruments 
on Explorer I, of an intense belt of radiation above 700km. 
Later it was found that there were two distinct, widely 
separated zones of high-intensity radiation. This discovery 
pushes upward the zone of observed matter in the atmo- 
sphere; and other recordings with Sputniks have shown that 
at 1000km, hitherto regarded as ‘empty space’, there is a 
measurable concentration of ions. 

The densities of the atmosphere, deduced from the braking 
effects on Sputniks, were substantially greater than could 
have been inferred from data previously available. All the 
information yielded by the rockets and satellites appears to 
confirm the view that the terrestrial atmosphere extends far 
beyond the level where it had been regarded as ‘ending’ and 
that a tenuous atmosphere, the sun’s corona, fills all space 
between the earth and the sun. The earth is in the sun’s 
atmosphere. 

An interesting feature of the use of rockets and satellites is 
that from these carriers it is possible to observe and measure 
ultraviolet radiations from the galaxy or from the very high 
atmosphere. As such radiation is readily absorbed in the 
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region. Similar radiation is observable in Orion. It seems that 
to visual astronomy and radio astronomy we should now add 
the new science of ultraviolet astronomy. 


Flatter in the north 


It has been shown by R. H. Merson and D. G. King-Hele 
of the Royal Aircraft Establishment that scientific observa- 
tions of artificial earth satellites can be used to investigate the 
earth’s gravitational field. They deduce that the earth’s 
flattening at the poles is less than previously believed by about 
one part in 300. 

Prof. Kozyrev of Pulkova Observatory states that he has 
found that the earth is flatter in the northern than in the 
southern polar regions and claims that the rapidly rotating 
planets, Jupiter and Saturn, show a similar asymmetry. If 
this applies also to the sun, it might possibly account for 
some of the unexplained anomalies in the progress of sun- 
spots across the disc. 

Prof. Kozyrev attributes the asymmetry to ‘unknown’ 
forces acting along the axis of rotation of a spinning body, 
causing a difference of compression at opposite ends of the 
axis. We shall look forward to learning more of this theory 
when further details are published. 

The cost of the satellites the lecturer illustrated by the 
comment that it cost £140000 to put a pound of Explorer I 
into orbit. Even then, the Americans had received only 3% 
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of the radio information given out. Sir David observed drily 
that the satellite method was not the cheapest way of getting 
information. 

Synoptic studies of the observations made in meteorology, 
auroras, geomagnetism, ionosphere, glaciology, and gravity 
and of some aspects of other disciplines will require long 
periods of hard work. The aim is to reveal the interrelation 
of these subjects and to put into a clear form any results 
which can be derived from a consideration of the variations 
of the many factors with time. 

British observations have shown that simultaneous displays 
of aurora borealis and aurora australis progress in a similar 
manner; while, near the solstices, aurora penetrates further 
into low latitudes in the summer than in the winter 
hemisphere. 


Miles of ice 


In glaciology, examination of the observations has not yet 
proceeded far enough to make a summary of results possible. 
Many recordings have been made in Antarctica, where the 
amount of ice is much greater than had been hitherto appre- 
ciated. The estimate of the total ice on the earth’s surface now 
must be increased to 4:5 million cubic miles. The thickest 
ice-cover ever measured, 100 miles east of Byrd Station, is 
about 14000ft thick and rests on a rock bed 8200ft below 
sea-level. 

In oceanography, Dr. Swallow’s acoustic signalling float, 
which can be made to drift with the water at any required 
depth, has made it possible to investigate in detail the varia- 
tion of water motion with depth. Three major countercurrents 
in the ocean have been found and measured. One of these is 
below the Gulf Stream, at about 9000ft below the surface, 
and transports southward roughly the same volume of water 
as the Gulf Stream. 

The swift subsurface current in the Equatorial Pacific, 
discovered in 1952 by Dr. Townsend Cornwall, has been 
mapped by two U.S. ships and found to be nearly as extensive 
as the Gulf Stream. It flows eastward along the Equator for 
3500 miles, along a front 250 miles wide, from about 100ft 
to at least 1000ft below the surface. 

A third subsurface current, 200 miles north of the Equator, 
is probably greater than the Townsend Cornwall current. 

An amazing discovery is a mineral-rich region in the 
South-East Pacific, with extensive areas covered with a 
sludge on the sea-bottom, laden with manganese and iron and 
some cobalt mixed with copper. The value of these metals is 
estimated at £180000 per square mile, and the economics of 
dredging ‘appear promising’. 


The future of international co-operation 


The international co-operation which made the I.G.Y. 
such an outstanding success wili be continued for at least one 
year. This co-operation will be known as ‘International 
Geophysical Co-operation 1959’, and the name I.G.Y. will 
not be applied to the work carried out during 1959. 

Sir David mentioned the sleepless nights it had taken to 
work out what to say in an hour on this great enterprise 
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of the I.G.Y. which had been a triumph of internation) 
collaboration. In 1959 and afterwards this collaboration wij 
continue, but each nation will be free to choose its own Path 
of research. 


At the end of the Lecture, which will be published in fy 
in the Proceedings, Sir Josiah Eccles and Mr. C. T. Melling 
respectively proposed and seconded a vote of thanks to 
Sir David Brunt. 
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Training in radiation hazards 


‘re United Kingdom Atomic Energy Authority haye 
recently announced their first steps in extending 
knowledge about dealing with radioactivity and building 
up a supply of experts trained in this subject. 

Special courses to train graduates in science or medi- 
cine for specialist posts in the field of radiological health 
and safety are expected to be available at the University 
of London by October 1959. One will be run by the 
Royal Marsden Hospital and the other by the Middlesex 
and St. Bartholomew’s Hospitals jointly. The scheme 
may well be expanded later, and similar courses at the 
Universities of Birmingham and Edinburgh and at the 
Royal Technical College, Salford, are already under 
discussion. 

In addition, a summer school at Oxford University is 
planned this year for those who, although not engaged 
in full-time health and safety duties, require some 
knowledge of the problems involved. As this is a pilot 
scheme, however, numbers are limited, and invitations 
are being sent to candidates sponsored by Government 
departments or official organizations. These will include 
medical officers of health, local-government officers, 
some senior civil servants and representatives of industrial 
managements. 

The problem has been under review since June 1958 
by a committee on training in health and safety, under 
the chairmanship of Sir Douglas Veale, formerly 
Registrar of Oxford University. This was set up on the 
recommendation of one of the three committees which 
were appointed, with Sir Alexander Fleck as chairman, 
to inquire into the Windscale accident in October 
1957. 

The question of a national training centre is still being 
considered, as also is the part to be played by the 
U.K.A.E.A., universities and technical colleges in the 
training of experts at all levels. 

The Veale Committee have produced two interim 
reports, in which the special postgraduate courses and 
the summer school mentioned above were the principal 
recommendations for preliminary plans. The final report, 


which will be published, is expected before the end of 


1959. 

Members of the committee include experts in the field 
of radiological health and safety and representatives of 
both sides of industry, the U.K.A.E.A. and the Atomic 
Energy Office. 
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Convention on Thermonuclear processes 


29th—s0th April 1959 





_ first public convention on thermonuclear fusion ever 
to be held in Britain was organized by The Institution, in 
conjunction with the British Nuclear Energy Conference. 
It is, perhaps, a little unfortunate that this chapter in the 
history of The Institution’s ‘firsts’ could not have been 
recorded at Savoy Place, where so many others have been 
written; but the demands of the rebuilding programme 
precluded this, and we were extremely glad to enjoy the 
hospitality of The Institution of Civil Engineers. 

To have organized such a convention at all was a bold 
venture, for the subject is one which by nature tends to 
attract the physicist rather than the electrical engineer—and 
throws into sharp relief the growing need for research brains 
in which the two sciences are harmoniously combined; 
moreover, the convention followed close on the heels of the 
Second international conference .on the Peaceful uses of 
atomic energy, Organized by the United Nations in September 
1958 and much concerned with the problems of controlled 
thermonuclear fusion. 

With such an unpromising background, it could be expected 
to be no more than a domestic affair of limited interest. In 
fact, it proved a most successful and informative meeting 
with wide international participation, for more than 420 dele- 
gates attended the five sessions and, of these, nearly 60 were 
oversea registrations. Indicative of the importance attached 
to these meetings is the fact that some 20 persons came from 
France, ten from the Soviet Union, six from Germany and 
five from the United States. 


Most open to ideas 


To many of those attending it was a meeting of old friends, 
and those on the fringe could not but be aware how swiftly 
the common interest in this fascinating subject broke down 
the barriers of both nationality and language. There was thus 
an air of relaxed friendship when our President, Mr. S. E. 
Goodall, opened the convention by welcoming the delegates 
on behalf of The Institution and the B.N.E.C. and introducing 
Dr. B. F. J. Schonland, director of the A.E.R.E., Harwell, 
who was to give a brief outline of progress in the field. 

With characteristic modesty, Dr. Schonland explained that 
this task had fallen to him only because Sir John Cockcroft 
was abroad; but even to those who were previously unaware 
of his prowess it was immediately obvious that here was a 
man who knew his subject intimately, in both its detail and 
its implications, and one, moreover, who was blessed with 
the ability to put over the concept in a way all could under- 
stand and appreciate. He called attention to the happy fact 
that, of all current research fields, thermonuclear fusion was 
the least subject to classification and secrecy and most open 
to ideas. 

The one thing which emerged from the papers to be 
presented, and from those given at Geneva, was that nobody 
has yet been proved to have really achieved controlled 
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thermonuclear reaction, despite claims to the contrary. 
Nevertheless, a great deal had been, and was being, learned— 
especially about the things which could go wrong. On the 
question of how we would use fusion energy he refused to be 
drawn, quoting, amid laughter, the well known rubric from 





Dr. T. E. Allibone, director of the A.E.J. Research Laboratories 
at Aldermaston, explains the basic physics of thermonuclear 
processes 





Mrs. Beeton ‘First catch your hare’. However, he was confi- 
dent that the problems would be solved in time, reminding 
us that ‘the business of the pure scientist is to understand 
nature; that of the applied scientist to tame it’. And the 
applied scientist was in the front line of this battle. 


Basic physics 

It would be invidious to mention the papers presented, 
since space would preclude giving more than their titles, and 
they are soon to appear in full in a special Supplement to the 
Proceedings. We must, however, give rather special thanks to 
Dr. T. E. Allibone and Mr. D. R. Chick for their amazingly 
lucid explanation of the basic physics of the processes; here 
is a paper from which the layman can get a clear picture of 
the whys and wherefores without having to do a vast amount 
of reading. 

The outstanding lack in the convention as a whole proved 
to be time. At almost every session it was necessary to ask 
the authors to be brief in their presentations, and to curtail 
the discussion. This is always indicative of the degree of 
interest aroused. At session 1, dealing with the development 
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of thermonuclear devices in Britain, it was necessary to call 
a halt after only four contributions had been made; but from 
these it became clear that the major problem was to track 
down and eradicate, so far as possible, the sources of energy 
losses: there was evidence to suggest that impurities in the 
deuterium were major offenders. 





Dr. B. F. J. Schonland, director of the A.E.R.E., Harwell, 
listening attentively to Dr. Allibone 





Session 2 was devoted to Zeta and its equipment, dealt with 
in more detail than had been possible in the survey paper in 
session 1. Zeta is one of the world’s largest thermonuclear 
devices, so that its equipment has unusual interest in being 
physical-laboratory in concept yet heavy-industry in propor- 
tions. Once again the problem of impurities in the plasma 
was well to the front, this time with particular reference to the 
torus and its vacuum system; as is inevitable in a discussion 
on a piece of apparatus which has been built and operated, 
questions arose on why one thing was done instead of another. 

Much amusement was caused when Mr. R. Carruthers, one 
of the Harwell team who developed Zeta, recalled that to put 
this equipment together they had been forced to demand from 
industry the design and manufacture of large pieces of 
complex machinery on the sketchiest specifications, without 
being able to reveal what the machinery was supposed to do 
or how it fitted into the scheme as a whole. 


A very large discrepancy 
Tea being over on Wednesday, 29th April, we returned to see 
Dr. I. N. Golovin, from the Academy of Sciences of the 
U.S.S.R., introduced to Dr. Chester Van Atta, from the 
Berkeley Radiation Laboratories of the U.S.A. And when 
they were photographed greeting each other warmly (see 
cover illustration), a spontaneous burst of applause from the 
assembling delegates showed how pleased we all were to have 
them with us. 

After formal introduction by the evening’s chairman, Mr. 
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D. W. Fry, Dr. Van Atta opened the session with a brilliant 
survey of current progress in thermonuclear research in the 
U.S.A., where many laboratories are working on a number 
of projects simultaneously. It rapidly became clear that, as 
yet, even this widespread research had not found the answer, 
and the varieties of fusion device being investigated demop. 
strated how many approaches were possible. On balance 
however, we were left with the impression that some form of 
mirror machine offered the best chance of securing contaip. 
ment for periods long enough for thermonuclear reactions to 
occur. 

Dr. Golovin had anticipated problems. With a remarkable 
command of English and a fine courage in face of the diff. 
culties of a foreign language, he described that part of the 
Soviet thermonuclear research programme which is concerned 
with the trapping of charged particles. But, lest he should, by 
reason of language difficulties, fail to make himself clear, he 
had most thoughtfully brought from Moscow several dozen 
copies of his lecture, printed in both Russian and English, 
While this forethought was deeply appreciated, those of us 
who failed to secure a copy found no difficulty in following 
his exposition of this complex subject. 

There was time for a brief discussion, which centred on 
the pros and cons of refrigerated field coils as a means of 
reducing losses in the magnetic field. Some amusement was 
caused by a series of questions on where details of the Soviet 
machines had been published. Dr. Golovin now answered 
through an interpreter and caused much laughter when, in 
answer to Dr. Allen’s comment that there was a very large 
discrepancy between the American and Soviet results on the 
dissociation cross-section for molecular ions, he replied that 
the American data seemed to be wrong and he would like 
their views on it. 

The chairman asked Dr. Van Atta to defend his country- 
man, Barnett, who was responsible for the calculations; but 
we learned that, while the Americans had great faith in their 
results, there was need for much fundamental work on a 
world-wide basis before one could say which was right—or 
more nearly so. 


Frank exchange of views 

With the close of this session, the authors and the leaders 
of some of the oversea delegations gathered for cocktails in 
an atmosphere marked by international cordiality and friendly 
informality. Freed from the restraint inevitable when the 
Press and public are present, the discussions covered a 
wide range, and views were exchanged with complete frank- 
ness. Language difficulties were rapidly overcome, and inter- 
national barriers disappeared as we learned to toast each 
other in a medley of tongues. 

We assembled on Thursday morning, 30th April, for 
session 4, to consider some of the engineering problems of 
new systems, under the chairmanship of Dr. Denis Taylor. 
There was a preponderance of attention on switching, with 
the respective merits of mechanical switches, spark-gaps and 
ignitrons hotly debated. The need to switch currents in the 
megampere range, sometimes without a current zero, made 
it clear that conventional methods could hardly be employed, 
while the rapid rates of current rise sometimes demanded 
staggered the switchgear engineers. Indeed, when one con- 
templates a wavefront of some 10'¢amp/s, one begins to 
appreciate the wry humour which led to the adoption of the 
graphic expression ‘crowbarring’ to describe these methods. 
Once again there was an intense discussion, with the chair 
man’s timekeeping much in evidence. 
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There was little change in session 5, a highly technical 
affair largely devoted to plasma problems. Right from the 
start, the chairman, Sir Willis Jackson, warned us that time 
was precious, so that authors and speakers must limit them- 
selves severely. Since this session contained a paper examining 
the possibility of the direct conversion of fusion energy into 
dectricity—a subject of major interest to the layman—it was 
inevitable that much discussion should centre on this point. 
By skilful yet diplomatic control, our chairman brought the 
discussion to a close exactly on schedule, to introduce the 
closing contribution by Sir George Thomson, President of 
the Institute of Physics. 


Starting at the hard end 


Sir George’s clear delivery and ready wit gave sparkle to an 
excellent summing-up of the world position to date. He felt 
that the meeting marked the end of the heroic epoch in 
thermonuclear research, in that, while there were many great 
problems still to be solved before fusion reaction could be 
economically feasible, at least we now knew what the problems 


were and should study them collectively. He agreed that, at 
the moment, the magnetic-mirror devices looked promising; 
but this was starting at the easy end, and there might be 
troubles yet to come; those who, like himself, worked on 
toroidal discharges, started at the hard end but hoped to 
emerge into smoother water. 

And so to the vote of thanks, especially on behalf of the 
oversea visitors, proposed at his own request by the disting- 
uished Soviet physicist and Academician, M. A. Leontovitch. 
Speaking in Russian, with an interpreter beside him, he gave 
warm thanks to The Institution for organizing the convention, 
to his English colleagues for their papers and contributions, 
and to all for their invitations and hospitality. When the 
tumultuous applause had died away, Sir Willis Jackson 
formally closed the meeting. 

There remained only farewells to our many friends before 
they dispersed again across the world, with the resolve to 
meet again soon. All were agreed that our meetings had been 
highly successful, stimulating new trains of ideas on which 
future research could be based. Of such stuff is progress made. 





Bigger and better power stations 


THE building of a third coal-fired power station on the Central 
Electricity Generating Board site at Drakelow, near Burton 
upon Trent, Staffs, has been approved by the Minister of 
Power. With an installed plant capacity of 1S00MW 
(2 million h.p.), this new station, to be known as Drakelow C, 
is the largest power station yet planned in the United King- 
dom, and sizes of generating sets and boilers have not so far 
been determined. 

The Drakelow site is well placed, in its proximity both to 
the supply of low-grade coal from the East Midlands coal- 
field and to the heavy-power-demand areas in the Central 
Midlands. In addition, being at a focal point of the Supergrid 
network, the output from the new station can be fed into the 
system without the construction of extra overhead trans- 
mission lines. 

A 240MW-capacity power station at Drakelow was com- 
missioned in 1954, and the first generating set of Drakelow B 
(480 MW) came into operation at the end of 1958. 

Work is already in progress on extending the power station 
at Blyth, Northumberland, by the addition of a new section 
which is to be known as Blyth B. This installation, comprising 
generating plant with an electrical output of 1200 MW and 
four coal-fired boilers, will be brought into commission in 
1962. 

During 1958, improved thermal efficiency of the power 
stations already operated by the C.E.G.B. resulted in a fuel 
saving worth more than £44 million. The over-all average 
thermal efficiency was 25:99°%, as compared with 25-38% 
for 1957. 

More than a third of the 84670 million kWh supplied in 
1958 was provided by the 20 most efficient stations, whose 
efficiency averaged 30-23°%. Castle Donington, near Derby, 
heads the field with 32-91°%, followed by Ferrybridge B, 
near Knottingley (31-20%), and Drakelow A (30-84%). 


New titles for Naval officers 


NEW designations have been given to the heads of the 
engineering, electrical and supply and secretariat specializa- 
tions of the General List of Naval officers. The Engineer- 
in-Chief of the Fleet, Director of the Naval Electrical 
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Department and Director General Supply and Secretariat 
Branch will in future be known as the Chief Naval Engineer 
Officer, Chief Naval Electrical Officer and Chief Supply and 
Secretariat Officer respectively. 

The changes will eliminate anomalies which have arisen 
as a result of the reorganization of the material and per- 
sonnel departments of the Admiralty and reflect the duties 
of the holders to advise on major matters of personnel policy 
affecting their specializations. 


Telephones on trains 


TELEPHONIC communication between driver and guard, 
already fitted on some electric multiple-unit trains, will be 
provided on all new electric and Diesel-electric multiple-unit 
stock of British Railways. 

Of the 2378 existing trains of this type at present in service, 
1867 will be equipped with telephones, priority being given 
to those which at present have no means of communication 
between guard and driver, followed by those which have bell 
or buzzer systems. The remaining 511 are older types which 
it would be uneconomic to equip. The 1867 units to be fitted 
include train sets of 2, 3, 4, 5 and 6 cars, of which 672 are 
electric and 1195 are Diesel powered. 

The telephone link will be maintained when two or more 
multiple-unit sets are coupled together to form longer trains 
through the normal jumper connection between the units 
and will be fed from the train lighting batteries. 

The telephones will help drivers and guards to make brake 
tests before beginning their journeys and to observe regulation 
procedure, particularly on services where drivers or motor- 
men are unaccompanied. They will also be of great advantage 
in emergencies. 


NATIONAL ENGINEERING LABORATORY 


IN order to emphasize the national character of the Mechanical 
Engineering Research Laboratory at East Kilbride, near 
Glasgow, the Council for Scientific and Industrial Research 
announce that it is to be renamed the National Engineering 
Laboratory. The laboratory, which is part of D.S.I.R. and is 
financed from public funds, will continue to cover problems 
of mechanical engineering. 
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First reactors for Scotland 


ee first nuclear power station, at Chapelcross, 
near Annan, in Dumfriesshire, will be producing 140 MW 
of electricity for the Grid by the beginning of 1960. The first 
of its four reactors went into operation two months before 
the official opening of the station on the 2nd May 1959 by 
the Lord Lieutenant of Dumfriesshire, Col. Sir John Crabbe, 
O.B.E., M.C., T.D. 

Three new units of the Calder Hall type, each comprising 
two reactors, were planned in June 1955 when increased 
supplies of military plutonium were urgently required. One 
unit was built alongside the first Calder Hall station; the 
other two are sited on a disused airfield at Chapelcross. Five 
more stations of the Chapelcross type are under construction 
in England, Scotland and Italy. 

Chapelcross lies in the south-east corner of Dumfriesshire, 
overlooking the Solway Firth from high ground to the north, 
and Annan, 34 miles away, is on a main railway route linking 
Glasgow, Carlisle and the south. Carlisle and Dumfries are 
each 17 miles distant. 


Technical features 

Chapelcross is costing the United Kingdom Atomic Energy 
Authority about £34 million. Its construction as a four- 
reactor station from the start meant that lay-out could be 
much simpler than at Calder Hall, and the four reactors and 
four cooling towers are built in lines, with a single turbine 
hall. The concrete biological shields of the reactors, 46ft wide 
inside and 90ft high, with 7ft-thick walls, were built directly 
onto the underlying sandstone rock—in contrast to the 
raft-type foundations used at Calder Hall. 

A water-filled storage pond is provided at Chapelcross, 
owing to its distance (75 miles) from the Windscale plant. 
This is divided into two sections, filled with water to a depth 
of 18ft, and can store a number of irradiated cartridges 
equivalent to three reactor charges. The provision of this 
pond means that outage time during refuelling does not 
depend on the schedule of disposal of irradiated elements to 
the Windscale plutonium factory. (Refuelling can take place 
only when the reactors are shut down and the coolant-gas 
pressure is near atmospheric.) 

Furthermore, storing for several months takes advantage 
of the natural radioactive decay to ease shielding requirements 
during subsequent road transport. This means that six times 
as many cartridges can be carried from Chapelcross to 
Windscale as from Calder Hall to Windscale. Storage ponds 
will also be provided at the stations now under construction 
for the C.E.G.B. and the S.S.E.B. 

A design development which came too late for the No. 1 
reactor but is being incorporated in Nos. 2, 3 and 4 is the 
provision of removable graphite sleeves for the fuel elements 
to overcome stored-energy problems associated with irradia- 
tion damage to the graphite moderator—the Wigner effect. 
The core bricks are being modified before erection to enable 
the fitting of the sleeves without reducing the channel dia- 
meters. With No. 1 reactor the alternative method of lowering 
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Magnox sleeves into unmodified channels will be used if 
necessary, but this will reduce power and increase Outage 
times. 


Integration with the local community 


Chapelcross is the first nuclear station to be opened since 
the Windscale accident in 1957, but it is for the most part 
welcomed in the district as providing local employment and 
business. There will be a full-time staff of about 900, although 
at present there are considerably more employed on the site. 
Constructional workers have been recruited not only from 
the immediate neighbourhood but also from the Clyde valley 





The charge floor of No. I reactor at Chapelcross, showing a 
fuel basket holding 24 elements being loaded into a charge 
machine 





and the border counties of England. For the permanent staff, 
most of the clerical and unskilled jobs will go to local people. 

A new primary school at Annan has been completed during 
the construction of the power station, and the Annan Academy 
is being elevated to ‘senior secondary’ level. This summer 4 
training scheme for craft apprentices will be started at the 
works; student and graduate apprenticeships will be instituted 
later. 
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The Fifth Graham Clark Lecture 


ENGINEERING IN AN EXPANDING ECONOMY 


SIR ARNOLD PLANT,* B:.SC., B.com. 





s an economist, and particularly as one of the Honorary 

Secretaries of the Royal Economic Society, I greatly 

appreciate the honour of the invitation to deliver the 

1959 Graham Clark Lecture, instituted under the combined 

auspices of the three great Institutions of Civil, of Mechanical, 
and of Electrical Engineers. 

As a person, I am very conscious of my unworthiness, for 
although my first years of gainful employment were spent in 
the management of two mechanical-engineering concerrs 
(both of which still happily survive) I am in fact a renegade 
from the ranks of engineering, having allowed myself to be 
lured away by the appeal of that even deeper mystery, the 
science of economics. Subsequent to my desertion, I dis- 
covered that I had merely followed a trail blazed over the 
past century or more by a number of far more illustrious 


predecessors. 


Roving engineers 

1. We economists should indeed remember with gratitude 
the contributions to the development of analytical economics 
made during the 19th century by mathematicians, natural 
scientists, and engineers. The debt is substantial. The 
expansion of the economy of Western Europe was accompa- 
nied by a rapid increase in specialization in many walks of 
life, at the cost of a growing separation between the worlds 
of business and scholarship and between scholars themselves. 
As knowledge increased and methods of investigation and 
research were refined, study in depth became more imme- 
diately rewarding to the intellect, newly equipped with 
specific tools designed for particular rather than general 
application, than the vain endeavour to attain universal or 
all-embracing omniscience. 

The growing danger, then as now, was excessive inbreeding 
and insufficient cross-fertilization. Engineers—I refer solely 
to their intellectual activity—are a virile and lusty body of 
men with a marked propensity for cross-fertilization, and 
political economy is not alone among the new sciences which 
sprang from the old schools of moral and natural philosophy 
in the enrichment it owes to the attentions of roving engineers. 

The founders of the science of political economy were for 
the most part university scholars, men of high intellectual 
attainment reared in the traditional schools of moral philo- 
sophy, jurisprudence, the classics and history rather than of 
natural philosophy and mathematics. In the spirit of their 
age, they were fired by noble aspirations for the material and 
social amelioration of the common people. A new era of 
material progress in the rapidly expanding exchange economy 
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was being ushered in by the Industrial Revolution and the 
quickening and cheapening of transport; and the political 
economists of the classical school sought to interpret the 
significant changes taking place by analysing the conditions 





and causes which influence and determine wealth, the level 
of individual and communal well-being. 

Their success in establishing the new science on broadly 
unassailable general principles can perhaps be attributed to 
three main factors: their remarkable subtlety and intellectual 
power in the field of logical analysis; their compelling elegance 
and skill in the art of literary exposition; and the collaboration 
of knowledgeable men of business and affairs, like David 


* Sir Arnold is Professor of Commerce, London School of Economics, University 
of London. He delivered the Lecture at a Joint Meeting of The Institution of 
Civil Engineers, The Institution of Mechanical Engineers, and The Institution of 
Electrical Engineers, at The Institution of Mechanical Engineers in London on 
the 20th March 1959 
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Ricardo, who were able and eager to apply their time and 
minds to the elaboration of basic theory relevant to their 
fields of economic activity. 

The political economists were not content merely to 
establish the unassailable laws of their new science. They 
were also enthusiastic propagandists for the reform of market 
institutions and national economic policy. Their analysis 
demonstrated conclusively that the rapid expansion of the 
exchange economy was conducive to general betterment, and 
yet that expansion was so hampered by sectional resistance 
and ill-founded national economic policy that the economists 
conceived it to be an inescapable part of their public duty to 
expose the logical errors underlying prevailing misconceptions. 

In the sphere of political reform, the utilitarian criterion 
of the attainment of the greatest happiness of the greatest 
number provided an attractive banner under which to rally 
the men of goodwill who were not content to allow sectional 
privilege to stand in the way of general material and social 
amelioration. By the middle of the 19th century, the political 
philosophy to which the economists gave their scientific 
support had won the day. The more egregious errors of 
illogical reasoning on economic problems had been exposed 
and the old obstacles to material advance of the common 
man largely removed by legislative reforms and by the 
general recognition of the benefits already accruing from 
freer and wider markets. 

Eminent economists began to express the view that little 
fundamental new work remained to be done in establishing 
the basic principles of their science. The truth rather was that 
the tools of the political economists were no longer adequate, 
except in the hands of men with quite unusual insight and 
imagination, for the fundamental work that still remained to 
be tackled. 


... ‘All was not light. 
It did not last. The Devil howling ‘“‘Ho! 
Let Einstein be” restored the status quo.’ 


The devil’s disciples were mathematicians, natural scientists 
and, not least, engineers. They became interested in the 
economic laws of supply and demand, which are essentially 
quantitative (at least in the sense of being concerned with 
relative magnitudes, with things being greater or less); and, 
being what they were, they found the existing literary exposi- 
tions of these laws both lacking in precision and unduly 
prolix. They proceeded to analyse economic relationships 
afresh, using mathematical symbols and methods. 


Mathematics and economic theory 

2. I trust that this audience will be a little interested in a brief 
account of some of the outstanding men who were responsible 
for this development, and of what they achieved. Academic 
economists were slow to follow the lead with sufficient 
enthusiasm, and this failure is the more regrettable because 
they had gladly accepted assistance in the 1830’s from an 
eminent precursor, the mathematician and mechanician 
Charles Babbage, who devoted so much of his life to the 
construction of machines for calculating and printing mathe- 
matical tables and to devising an analytical punched-card 
machine to evaluate automatically any mathematical formula. 
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By economists his name continues to be revered for three 
things: First, for his book ‘On the economy of machinery 
and manufactures’, published in 1832, which is still read as g 
model analytical and descriptive account of the emerging 
structure of British industry. Secondly, it is mainly to his 
timely initiative and cheerful contravention of standing order; 
and the formal rules of procedure of the British Association 
for the Advancement of Science, at the Cambridge meeting 
in 1833, that economists and statisticians owe the creation of 
what is now Section F, covering Economic Science ang 
Statistics. Thirdly, he was one of the leading promoters ip 
1834 of the London Statistical Society, now the Royal 
Statistical Society. 

His enthusiasm for the collection and analysis of statistical] 


~ 


data stimulated the trend towards quantitative economic 


research by attracting to this field a new type of scholar who 
possessed the requisite specialist aptitude and training. 

3. The application of mathematical methods of analysis 
in the field of economic theory was a European rather than 
solely British development. The outstanding pioneer was 
undoubtedly Augustin A. Cournot, a French professor of 
mathematics at Lyons and subsequent Rector of the Acade- 
mies of Grenoble and Dijon, who in 1838, at the age of 37, 
published his ‘Researches into the mathematical principles of 
the theory of wealth’. 

He had no intention of questioning the over-all benefits 
accruing from an expanding economy. 


_— 


‘The progress of nations in the commercial system is a fact | 


in which all discussion of its desirability becomes idle. . . 
Experience unquestionably shows that this is true, in most 


cases, since, in general, an incontestable improvement in the 


condition of the people has kept pace with an equally 
incontestable increase in the sum total of wealth in circulation,’ 

Unfortunately, economic theory at the stage it had then 
reached ‘is unable to explain why this usually happens and is 
still less able to demonstrate that it must always continue to 
occur’. 


What troubled him as a mathematical scientist was the | 


possibility that the first effect of the creation of a wider 
exchange economy might be, by reducing the aggregate 
incomes hitherto accruing to monopolists in regions pre- 
viously isolated, to diminish the mass values in circulation in 
those regions. He therefore urged: 


‘Let us avoid confounding what is in the domain of accurate 
reasoning with what is the object of a more or less happy 
guess; what is rational with what is empirical. It is enough to 


have to guard against errors in logic on the first score; let us | 


avoid encountering passionate declamations and insoluble 
questions on the other.’ 

Cournot proceeded in his book to apply to the theory of 
wealth the forms and symbols of mathematical analysis. He 


foresaw that by doing so he was likely at the outset to draw | 
on himself the condemnation of theorists of repute, but he | 


urged that their aversion to mathematics arose from 4 
misapprehension of the nature of the applications of mathe- 


"tere 


matical analysis. They imagined that the use of symbols and | 


formulas could only lead to numerical calculations, and they 
knew that the subject was not suited to such a numerical 


JOURNAL L.E.E. 


— 














three 
inery | 


‘ging 
) his 
‘ders 
ition 
ting 
mn. of 
and 
S in 
oyal 


tical 
ymic 
who 


lysis 
than 


r of 
ade- 
f 37, 
s of 


efits 


rate 
Py 
h to 
t us 
uble 


they 


tn 





determination of value by theory alone. ‘But’ said Cournot 
«those skilled in mathematical analysis know that its object 
isnot simply to calculate numbers, but that it is also employed 
to find the relations between magnitudes which cannot be 
expressed in numbers and between functions whose law is not 
capable of algebraic expression.’ 

In his book he set out to show that the solution of the 
general questions which arise from the theory of wealth 
depends essentially on that branch of analysis which com- 
prises arbitrary functions, which are merely restricted to 
satisfying certain conditions; and for his purpose the first 
principles of the differential and integral calculus sufficed. 

His final prefatory remarks will commend themselves to 
many professional economists in our own time: 


‘| am far from having thought of writing in support of any 
system, and from joining the banners of any party; I believe 
that there is an immense step in passing from theory to 
governmental applications; I believe that theory loses none 
of its value in thus remaining preserved from contact with 
impassioned polemics; and I believe, if this essay is of any 
practical value, it will be chiefly in making clear how far we 
are from being able to solve, with full knowledge of the case, 
a multitude of questions which are boldly decided every day.’ 


4, In brief, what Cournot did in his book was to exhibit 
mathematically the theory of value in an exchange economy, 
proceeding from the most simple to progressively more 
complex conditions. 

He began with a single monopoly situation, with one seller 
of a natural product which involved no costs of production. 
Secondly, he made the monopoly subject to taxation. Thirdly, 
he introduced a second independent competing monopolist 
offering the same natural product. He demonstrated how 
profits are maximized, fourthly, when producers are offering 
different products and have to incur production costs; and, 
fifthly, when an expanding economy brings into communica- 
tion markets which were previously isolated from each other. 
Finally, he sought to establish what can be accurately said 
about the determinants of social incomes, and of variations 
in social incomes, inside an economic system. 

The conclusions reached by his mathematical analysis were 
set out in literary form, and an appendix exhibited in ten sets 
of curves the first graphical representations which we possess 
of demand and supply phenomena as revealed by his analysis. 


Pioneer Englishmen 


5. For a generation the work of Cournot made no impact 
on the orthodox economists in any country. In France, indeed, 
almost a century passed before he was generally recognized 
as a prophet, so that we English may derive some relative 
satisfaction from the knowledge that our own pioneers in the 
application of mathematical methods to economic analysis 
were only one generation behind Cournot. 

English economists, however, are bound to admit that the 
two pioneer Englishmen were an eminent engineer and a 
student of mathematics and natural science who turned to 
Political economy. The engineer was Henry Charles Fleeming 
Jenkin (1833-85), Professor of Engineering in University 
College London (1865) and in Edinburgh (from 1868). 
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Fleeming Jenkin makes no reference to Cournot, and there 
is no evidence that he knew of Cournot’s economic writings; 
but it must be recorded that he lived in Paris as a boy and 
went to school there, at the time of the 1848 revolution, and 
moved on with his family to Genoa, where he studied natural 
sciences at the University. 

While at Edinburgh, between 1868 and the time of his 
death, he completed five papers on aspects of political 
economy, the most significant being that published in 1870 
under the title ‘The graphical representation of the laws of 
supply and demand, and their application to labour’. 

Both the underlying philosophy and the content of this 
essay are strongly reminiscent of Cournot. I will quote only 
the opening sentences: 


‘Recent discussions on the laws determining the price of 
commodities seem to show that these laws are neither so well 
understood nor so clearly expressed in the writings of econo- 
mists as is sometimes supposed. Men are too much in the 
habit of speaking of laws of political economy, without 
attaching to the word law the same rigid meaning which it 
bears in physical sciences. There are, however, some truths 
concerning the subjects treated by the economist which do 
deserve the name of laws, and admit of being stated as 
accurately, and defined in the same manner, as any mathe- 
matical laws affecting quantities of any description. 

‘The following essay is an attempt to state in this rigorous 
manner some propositions concerning the market price of 
commodities, using what is known as the graphic method of 
curves to illustrate the laws and propositions as they arise.’ 


6. Fleeming Jenkin’s contribution was to clarify bygraphical 
representation the concept of quantities offered (the supply) 
and quantities demanded (the demand) being ‘functions of 
the price’, supply and demand both probably varying with the 
price; and he drew illustrative demand and supply curves. He 
developed three propositions: (1) that the market price of a 
commodity is that at which the supply and demand curves 
cut; (2) that changes in supply and in demand conditions will 
have different effects on market price; and (3) that in the case 
of manufactured products the price in the long run is chiefly 
determined by the cost of production, and the quantity manu- 
factured is chiefly determined by the demand at that price. 

7. A year later, in a paper published in the Proceedings of 
the Royal Society of Edinburgh (1871-72), Fleeming Jenkin 
applied similar graphical methods to elucidate ‘The incidence 
of taxes’ and ventured to fortify his reasoning with a little 
recourse to algebra and the calculus. In extenuation he made 
reference to the ‘much more complex algebraic representation’ 
and integration curves which W. Stanley Jevons had used in 
his ‘Theory of political economy’, published in 1871. 

Jevons had studied mathematics and natural science at 
University College London but had migrated to Owen’s 
College, Manchester, as Professor of Political Economy. He 
was the first professor of economics to insist on the need to 
develop economics as a mathematical science. He used 
mathematical analysis mainly to explore the implications for 
general theory of the concept of diminishing utility derived 
by the individual from successive increments of physically 
similar units of wealth. 
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That concept had provided Tom Paine, as early as 1792, 
with the foundation for his proposal, in Part 2 of ‘The rights 
of man’, for sharply progressive rates of income tax and 
estate duty and had been explored by Jeremy Bentham in his 
adumbration of the ‘maximization’ process as a key to 
human behaviour. The genius and scientific training of 
Jevons produced from it his final utility theory of value which 
became the starting-point from which marginal analysis has 
developed. 


Measurement of utility and marginal analysis 

8. I have by no means done with my theme of the responsi- 
bility which engineers and natural scientists must share for 
making economics what it is today. As I have said, Cournot 
had been uneasy about the way in which the classical school 
of political economy had concentrated on the implications of 
competitive exchange in developed economies, and he used 
his mathematics to explore the transition from monopoly to 
competition. 

In active competition, as they defined it, a single price for 
a commodity applied equally to. all buyers and sellers, since 
none of them operated on a sufficient scale to influence the 
ruling price. A manufacturer’s receipts from sales were there- 
fore proportionate to output—the marginal and the average 
revenues were identical. Similarly, the consumer’s outlays 
were strictly proportionate to the quantities he bought—his 
marginal and average expenditures were identical. Marginal 
changes were much more significant, however, in the behaviour 
of monopolists; and Cournot was not alone in being concerned 
about monopoly situations. 

Mathematically trained engineers were increasingly, in 
the 19th century, involved professionally in the administration 
of public utilities, of water supply, roads, canals and railways, 
all of which operated in conditions of continuing monopoly. 

9. One such was A. J. Etienne-Juvenal Dupuit (1804-66) 
who held the government office in France of Inspecteur- 
Général des Ponts et Chaussées and whose duties led him to 
reflect on the utility of these services to the public and the 
means of measuring these benefits with precision, as a basis 
for ascertaining the prices to be charged. He published two 
papers in the Annales des Ponts et Chaussées, one in 1844 on 
the ‘Measurement of utility of public works’ and the second 
‘On the influence of tolls on the utility of communication 
services’, dealing with the special problem of pricing the 
services of public utilities with heavy fixed costs and low 
operating expenses. 

His conclusion was that a government, seeking a minimum 
return to meet fixed charges and concerned at the same time 
to ensure the maximum advantage to the public, would in 
general impose a different scale of charges from that levied 
by a monopoly aiming at a maximum aggregate net revenue. 
His contributions have greatly influenced subsequent eco- 
nomic analysis, and it must be confessed that little significant 
advance has been made on his own findings. His defence of 
mathematical analysis was sturdy: ‘When one cannot know 
something, much is already achieved by realizing one’s 
ignorance.” 

10. A second mathematician and natural scientist, at the 
time residing, for reasons of prudence, in Paris, was the prolific 


366 


author, Prof. the Rev. Dionysius Lardner (1793-1859), a 
scholar of Trinity College, Dublin, who had occupied the 
chair of natural philosophy at University College London, Jp 
1850 he published a treatise on Railway economy, in which 
he devoted two chapters (12 and 13) to the analysis of costs 
and the fixing of charges. 

He insisted on the need for separating fixed from variable 
costs and attributing as precisely as possible to each dis. 


~ 


tinguishable class of traffic that share of the expense for which | 
the particular traffic is responsible. ‘Although’ he wrote ‘, . it 


may not be expedient in all cases to exact from the various 
objects of traffic the same proportion of profit, yet . . . it can 
never be right, as a permanent measure, to transport any 


object of traffic at a loss. . . . Important as such an investiga. | 


tion is, it has never been attempted by the managers of 
English railways. We are indebted, however, to some foreign 
engineers and economists for inquiries on this subject’: and 
he gives an account of the publications of a number of French 
and Belgian railway engineers. 

On tariff policy, Lardner introduces mathematical reasoning 
and graphical presentation with originality and success, The 
problem as he saw it was to ascertain for each class of traffic 
the tariff which would yield maximum net profit, and it was 
therefore necessary to study the relation between variations 
in aggregate receipts and aggregate costs for each class. As 
regards gross receipts, he observed that if the unit charge 
were zero there would be much traffic but no revenue, while 


at the other extreme if the unit charge were prohibitive there | 


would be no traffic and again no revenue. At some point to 
be ascertained, between these two extremes, aggregate receipts 
would be maximized. 

Turning to costs, he showed that these did not change at a 
constant rate as the volume of traffic changed. The optimum 
tariff for each class was therefore that which adjusted the 
volume of traffic to the point where the distance between the 
aggregate receipt curve and the aggregate cost curve was 
greatest, and he showed geometrically that this point was 
located where the tangents to the two curves were parallel, 
Lardner’s methods became part of the standard equipment in 
the ‘tool box’ of economists of later years, and he has good 
cause to be remembered also with gratitude by all monopolists. 

11. A generation later another prominent engineer turned 
his attention to mathematical economics, this time in Germany. 
W. Launhardt was a railway engineer who had for many 
years been Director of the Technical High School at Hanover 
when he published, in 1885, his ‘Mathematical foundations of 
economics’. He also was primarily concerned to find a solution 


to the pricing problems of railways and public utilities. To . 


that end he studied comprehensively the new contributions 
to the utility theory of value, from Cournot onwards. 

His own researches led him to reject the conclusion which 
Lardner had reached that the objective of railway and public- 
utility pricing should be to maximize monopoly profits, and 
he sought to demonstrate that tariffs should be based on 


marginal costs, leaving any deficiency in the recoupment of | 
the full costs incurred in installing fixed investments i f 


— 


equipment to be met by subsidies from taxation. After his | 


treatise had appeared, the nature of the pricing problems 


involved in the administration of nationalized undertaking | 
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was at last clearly defined. We now know also that we do 
not know the answers. 

12. I have said that Jevons, working in England in the 
1360’s and unacquainted with the publications of Continental 
writers, was the first professional economist to use mathe- 
matics. It must, however, be acknowledged that he also was 
the son and grandson of engineers in business in Liverpool, 
and by education a mathematician and natural scientist, with 
five years of workshop experience when, as a very young 
man, he was employed as assayer in the Mint at Sydney, New 
South Wales. 

It seems to me no accident that Jevons’s counterparts in 
Switzerland, the two renowned economists who established 
the world-wide reputation of the Lausanne School (in which 
general economic-equilibrium analysis was systematized by 
the use of mathematical techniques) were also previously con- 
nected with railways. They were Leon Walras (1834-1910) 
and Vilfredo Pareto (1848-1923). Walras was educated in 
France as a mathematician and natural scientist, and it was 
owing to the influence of his father, the economist Auguste 
Walras, who had been at school with Cournot, that Leon 
turned to economics. 

Unfortunately for him, the hostility to mathematical 
methods of the strongly entrenched classical political econo- 
mists barred his way to academic appointment in France, and 
he worked for a time in railway administration. It was 
Lausanne which gave him his opportunity by appointing 
him, in 1870, to a newly created chair of political economy. 
Leon Walras’s ‘Elements of pure political economy’ appeared 
in instalments in the years 1874-77. The task which he set 
himself was to provide a comprehensive mathematical 
analysis of a system of general equilibrium in a perfectly 
competitive market. 

His successor in the chair, when he retired in 1893 on 
account of ill-health, was Vilfredo Pareto, an Italian of noble 
birth. Pareto also had been a student of engineering, mathe- 
matics and natural sciences at the University of Turin before 
embarking on an industrial career in which he occupied an 
important administration post on the Italian railways. Under 
the influence of the Italian professor of economics, Pantaleoni, 
a somewhat younger contemporary, he was attracted to the 
field of mathematical economics and to the theory of general 
equilibrium which Leon Walras was engaged upon. His 
‘Course in political economy’ appeared in 1896 and his 
“Manual’ in 1909. 

13. By the turn of the century, mathematical analysis was 
generally accepted as the most precise and convenient 
technique for the investigation of some important branches 
of economic theory. In England the attitude of professional 
economists had changed in 30 years from opposition to 
acceptance and, in notable instances, to enthusiastic con- 
version. The giants who had wrought this change, following 
Jevons, were P. H. Wicksteed, F. Y. Edgeworth and, greatest 
of all, Alfred Marshall. 

Jevons’s ‘Theory of political economy’ irritated Marshall 
in the early 1870’s, but Marshall was too good a mathe- 
matician and too dedicated a scientist to allow prejudice to 
warp his fine mind and judgment to the extent of rejecting 
tools which he was particularly competent to use. The 


JUNE 1959 








mathematical appendices and footnotes to his ‘Principles of 
economics’, first published in 1890, were analytically of great 
significance; and his development of the concepts of marginal 
revenue and marginal expenses of production in these sections 
of subsequent editions is the main source of the ideas on 
which later English economists have based their own contri- 
butions. 

Yet Marshall apparently retained to the end the opinion 
which he expressed in 1872 that, with scarcely an exception, 
all that is important in the reasoning and results which we 
owe to mathematical economists was capable of being 
expressed in ordinary language; and neither mathematics nor 
graphical representation was ever allowed to intrude into the 
main body of the text of his ‘Principles’. For that reason, his 
immediate personal influence as a teacher was far wider, 
despite a certain prolixity of style, than that of either Walras 
or Pareto. 

14. And now I really have done with this theme. I have 
not wished to attempt to communicate to you the findings 
of economics but only to persuade you that engineers in the 
past century have played a notable part in making the science 
what it is. I have done so partly to acknowledge a debt but 
partly also in the hope of rallying your strong support for 
the joint efforts which economists and engineers are now 
making on both sides of the Atlantic, in university graduate 
schools and institutes of research, to organize a unified attack 
on the current problems of industrial dynamics. I shall return 
to this topic later on. 


RELATION BETWEEN CHANGES IN MATERIAL 
PROSPERITY AND ACTIVITY IN ENGINEERING AND 
ALLIED INDUSTRIES 

15. Bearing in mind the title of my address, it is time I now 
invited you to reflect for a while on the relation between 
changes in general material prosperity and the level of 
activity in the engineering and allied industries. I assume that 
an expanding economy normally means an increase in the 
average real income per head of the population. In a free 
economy a rising per capita income normally results in an 
increase in consumption of goods and services, which in turn 
generates an increased demand for engineering products. 
Even at the level of final consumption, however, the situation 
can be complicated. A given rate of expansion over-all does 
not necessarily imply the same proportionate change through- 
out all sections of the economy. 

When we say that the standard of life in this country can 
be doubled in a generation, we do not mean that our children 
will each want two coffins instead of one, or twice as many 
kitchen ovens, or even twice the size of helping at their 
Christmas dinner. The size of population is not likely to 
remain constant, and if it did the age distribution is likely to 
change, so that even if old and young did not change their 
wants, the pattern of aggregate demand would vary. In fact, 
consumption tastes do change drastically over time in the 
same locality. 

Moreover, an economy which expands by bringing oversea 
territories within the orbit of the free-exchange system will 
throw up a very different consumption pattern from that of 
the population of Britain. In many regions, a higher income 
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per head will certainly mean that more children will survive, 
whatever happens to the numbers born, and the population 
will grow, with more dependants to be supported by each 
earner of income. In some regions there may be earlier 
marriages, more separate households, and a larger demand 
for durable household equipment, which will interest engi- 
neering concerns. An increase in per capita income can 
therefore mean large variations in the relative demands for 
the various objects of consumption, according to what is 
called the income elasticity or demand for each class in each 
community. 

All of this keeps market-surveying people quite busy trying 
to forecast for their industrial clients the probable aggregate 
demand for domestic installations, for public utility services, 
and for out-of-home facilities such as transport vehicles and 
services, schools, hospitals, shops, restaurants, entertainment, 
and so on. 

16. Many of the engineering products acquired or used by 
the general public are capable of being shared, which means 
that habits of life affect appreciably the numbers and the 
types required. Households may acquire cars or rely on 
public transport; they may install washing machines or use 
a laundrette service, home television sets or cinemas. Each 
household may have its own heating equipment or, in blocks 
of flats, be served by one central installation. A rising per 
capita income may mean that more people will prefer the 
convenience of owning rather than sharing some kinds of 
equipment, particularly if instalment-purchase facilities are 
not controlled, and the equipment makers will sell more units 
to meet a given aggregate user. 


Affection for antiques 

17. Of perhaps greater importance to the engineering 
industry is the fact that its products sold to the general public 
are mainly consumers’ durable equipment. Many consumers’ 
goods, such as a match or a glass of beer, are completely 
destroyed by the act of consumption, so that a steady 
continuing demand means that replacement orders are 
identical with the volume of consumption plus, in the case 
of perishables, normal distribution and storage wastages. 
Durable equipment is capable of yielding a flow of service 
throughout its productive life. 

A new durable commodity, such as a television set, which 
quickly becomes a necessity in many homes, can easily spell 
boom conditions for the concerns which produce it, lasting 
perhaps until most of the potential users are equipped; but 
the greater the durability of the equipment, the greater also 
will be the fall in annual demand when the saturation point 
is reached and orders are confined mainly to replacements. 
Moreover, in the case of consumers’ durable equipment, the 
rate of replacement is in general likely to be much slower 
than in the case of industrial equipment. 

Competitive forces compel many producers to replace 
deteriorating equipment before it is completely worn out and 
still more to install more-efficient types which reduce unit 
costs of production or give a service of better quality; and, 
as they use the equipment for business purposes, they can 
often look to increased sales to finance the replacement and 
cover the costs of obsolescence. The general public who 
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acquire durable equipment are under no such compulsion 
and may cling affectionately to antiquated types so long as 
their inefficiency can be tolerated. 

The installation of a new or better replacement would no 
doubt give greater satisfaction, but it often does nothing to 
increase the flow of disposable income of the householder. 
It therefore usually involves him in additional outlay which 
cannot be recovered. If times are hard, replacement of 
consumers’ durables may be postponed indefinitely, failing 
a complete breakdown. The fluctuations in the orders received 
by the suppliers can therefore be very wide. 

To counter this tendency, high-pressure salesmanship may 
press suppliers to introduce fashion changes from time to 
time, and they have some success so far as the public life of 
the general public is concerned. Smith may wish to keep up 
with the Joneses in expenditure which is conspicuous to the 
Joneses, the Browns and the Robinsons—a frequent change 
of car, or of the interior decoration of the more frequented 
rooms in his home; but, generally speaking, the introduction 
of fashion changes in the field of consumers’ durable equip- 
ment is hardly likely to achieve more than increase the rate of 
penetration into the poorer households through the medium 
of the second-hand market. 

18. In recent times, it is probably true that consumers’ 
durables have grown in importance relatively to producers’ 
equipment in the aggregate sales of engineering and allied 
concerns, and this has provided a welcome stabilizing influence 
on the fortunes of the concerns which have participated in 
this new business. The demand for machinery and other equip- 
ment used by industrial firms fluctuates more widely than that 
for the consumers’ goods which the machinery enables them 
to produce. 

Concerns which produce things like cigarettes, newspapers, 
motor spirit, soap or foodstuffs in mass quantities may use 
very durable specialized plant which provides a good deal of 
business for engineering and allied firms during the stage of 


initial installation; but thereafter, so long as the demand for | 


these consumer goods remains steady, the replacement orders 
for plant and equipment will fall to the relatively small 
proportion of the total installed capacity determined by its 
average life. Wearing parts may on average require replace- 
ment every ten years and complete machines much less 
frequently. 


If the industry expanded rapidly to the market-saturation 
level, there will be a disturbing replacement cycle of orders ; 


to the extent that the initial installations fall due for renewal 


at about the same time, with relatively few orders passing | 


back to the machinery makers in the intervening years. If, 
on the other hand, the initial expansion was more gradual, 
replacement orders will be more evenly spread but will stil 
be small in relation to the total installed capacity, because 
of its durability. 

For equipment with an average life of 40 years, the annual 
replacement demand is 24°. In a competitive industry, each 
industrial concern will prefer to operate on a scale which 
minimizes its unit costs of production and will seek to keep 
its equipment reasonably fully employed. 

19. Consider, however, what may well happen when the 
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The increased demand may be due to an expansion of the 
whole market served or to an increase in disposable incomes 
of buyers in the existing market or to a change of taste which 
alters the pattern of consumers’ outlays from a constant 
income. If the existing capacity of the producers is fully 
employed, they may between them place orders for additional 
plant equivalent to 10% of the total installed equipment. If 
the normal replacement demand is 24}%, this would mean a 
fivefold once-for-all increase in the order books of the 
equipment manufacturers, generated by a rise of only 10% 
in the demand for the final product. 

20. An equivalent fall in the level of final consumption can 
be even more disturbing. It might be caused by a general 
recession throughout the market or by the failure of con- 
sumers’ real incomes to keep pace with inflation or by the 
closing of an existing market or simply by a change of taste. 
A10% fall in demand will render that amount of the installed 
capacity idle, and it will no longer be necessary or worth while 
to replace equipment which wears out. For four successive 
years the engineering industry might receive no orders even 
for renewals. 


Backlash in the chain 

21. Ihave said that all of this may happen. Of course there 
may be a good deal of backlash in the chain. Some concerns 
will wait to see whether an increase in demand is likely to 
persist and in the meantime will build up a backlog of 
unfulfilled orders or resort to costly ‘over-full’ capacity 
working of their plant. Some may have reserve capacity which 
they can bring in. Similarly, if orders fall off, they may prefer 
to run all the plant for a period on short time and coritinue 
to renew it at the normal rate until the future position is 
clear. 

Equip-ient suppliers themselves, when they receive a flood 
of new orders, may build up a backlog and keep their clients 
waiting; and, when their orders fall off, they may run down 
their backlog of unfilled orders and keep up their normal 
rate of production as long as they can. But the wide fluctuation 
in orders for equipment is undeniable, however delayed the 
response may be down the line. 

We certainly seem to have here at least part of the explana- 
tion why fluctuations in the order books of the industrial 
machinery makers, and behind them of the machine-tool 
makers, and behind them again of some specialized branches 
of the steel industry which cater for the needs of the machine- 
tool industry, magnify in a highly geared chain the amplitude 
of a relatively small change in the level of demand for a final 
consumers’ commodity. 

22. There are often compensating fluctuations within the 
engineering industry itself, taken as a whole. For instance, 
a reduction in demand for one consumers’ product, which 
is due merely to a change in taste in favour of another durable 
product, may throw up countervailing orders for new 
additional equipment in another section of industry which 
will increase activity in some branches of the machinery- 
construction business by more than the decline in replacement 
orders for the section adversely affected. 

The evolution of the structure of the engineering and 
allied industries in this country probably reflects the influence 
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of these circumstances. The many different production 
functions involved in making specialized machinery are 
widely distributed over large numbers of collaborating 
concerns, some large and some small, and this serves to 
concentrate the main impact of an adverse market movement 
onto the relatively few specialist firms closely and specially 
concerned with it. 

Generally speaking, these concerns have so organized their 
production arrangements that fluctuations can be absorbed 
with minimum over-all disturbance. There is as much 
subcontracting as can perhaps be conveniently arranged 
throughout the industry. Castings and forgings, rolled 
sections, extrusions, a wide range of components, machine 
power-units, transmission gearing, couplings and so on can 
usually be bought in, either to special specification or of 
standard dimensions and types, from concerns which serve 
a large variety of specialist machinery makers. 

The result is that the subcontractors jointly concerned in 
producing complete installations can enjoy a much steadier 
aggregate demand for their particular products. They are 
concerned with a wide range of manufacture of equipment 
and are not in general overdependent on the fluctuating 
fortunes of particular specialists. Viewed as a whole, the 
industry is reasonably well organized in this way to secure 
the economy of massed reserves of capacity, and the various 
specialist-plant makers can draw on the common pool to a 
greater or less extent as circumstances require. This structure 
makes for an over-all better utilization of aggregate capacity 
and for flexibility of adjustment to changing market con- 
ditions. 


A ‘differential box’ 

23. The engineering industries, located as it were in the 
back axle, have thus introduced a sort of ‘differential box’ of 
their own to accommodate themselves more comfortably to 
changes in direction. Whether or not the whole production 
machine is going forward or backward, if one rear wheel has 
to slow down the other quickens in sympathy. Between the 
back axle and the engines are gear ratios at the various 
stages, each ratio fixed by the average durability of the 
equipment used. But the main influence which determines 
whether the entire machine runs steadily or changes speed 
up or down is the strength of consumer demand which 
provides the motive power in the engine, and we are bound 
to admit that the throttle is only to a very limited extent 
under human control. 

Agricultural and pastoral producers still make up a large 
proportion of the world’s population, and their aggregate 
disposable income is largely and unpredictably affected by 
the fickleness of nature, by climatic upsets and strange 
epidemics, producing alternations of famine and glut and 
spreading disturbance throughout the economic system. The 
natural and applied scientists who study these elemental 
forces of nature have made great progress in containing 
them, by developing resistant strains and by laying the 
scientific foundations for elaborate and vast regional schemes 
and organizations for drought, flood and pest control and 
the like; but we must face the obvious fact that the level of 
prosperity in the world at large is still liable in the foreseeable 
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future to be suddenly undermined by forces which are beyond 
human control. 

24. Nevertheless we have only ourselves to blame if we do 
not push on, while recognizing our limitations, to eliminate or 
mitigate as fast as we can, by national action and international 
collaboration, the obstacles to expansion which are clearly 
ascribable to human folly and to nice calculations of short- 
term sectional advantage. It is on expansion of the whole 
economy that the engineering industries depend for their 
prosperity. An upward trend of per capita income need not 
in itself generate additional instability if national authorities 
work and plan together, and particularly if the governments 
of the richer countries in the world economy are scrupulously 
careful, in their economic relations with the less developed 
territories, to assist and not hinder the general march of 
progress. 

25. It seems clear, first, that, if the poorer countries wish 
above all else to raise the real incomes of their people, the 
best general policy for most of them will be, for some time 
to come, to expand their production of staple commodities 
for export. By so doing they are far more likely to obtain by 
exchange more, and a wider and more diversified choice, of 
all the other things they need for a richer and fuller life. It is, 
however, true that the world prices of their exports of primary 
products fluctuate more widely than the world prices of their 
imports of manufactured goods. 

If the richer countries are from now on likely to be more 
successful than hitherto in reducing the amplitude of their 
own internal industrial trade cycle—and there are reasonably 
good grounds for the belief that they will be more successful— 
it seems to me of cardinal importance that they should, both 
nationally and by common international agreement, take 
parallel steps to stabilize as far as they can their imports of 
primary produce. 

In the world economy, the long-term interests of the richer 
countries are bound up with the fortunes of the poorer 
members; and in times of threatening recession they should 
at least resist the temptation to improve their own short-run 
prospects, at the expense of the rest, by imposing restrictions 
on imports, with the object of exporting their own recession 
to the other members of the world economy. The richer 
countries should no longer lay themselves open to the old 
charge that, whenever the United States or Western Europe 
or the United Kingdom sneeze, they see to it that the rest of 
the world catches pneumonia. 

26. Secondly, because of the dependence of the standards 
of life in the poorer communities on the aggregate value of 
their exports of primary produce, it is not surprising that they 
and their governments should seek to obtain greater internal 
stability by diversifying not only their exports but their whole 
economies, beginning to manufacture for themselves some 
of the commodities which they have hitherto imported. So 
long as there is a continual danger that the terms of external 
trade will turn sharply against them, a measure of added 
stability of living standards may well be preferable to pre- 
carious opulence. 

The richer countries should, in my view, accept the conse- 
quences of this trend and adapt their own economies to it 
rather than actively hinder it by restricting the free flow of 
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capital which would otherwise be willingly invested in thege 
poorer territories or, worse still, attempt to cripple the growth 
of these nascent industries by adopting an aggressive ang 
subsidized selling policy against them. 


In step with the Common Market 


27. Thirdly, Britain should keep the interests of the poorer 
communities continually in mind when framing its owp 
policy in relation to the newly created European Common 
Market. There cannot be any question that the decision to 
merge the six countries which signed the Rome Treaty into 
a closer and freer exchange economy is a great step forward, 
not only for their own prosperity but ultimately for the regt 
of the free world which trades with them. It is nevertheless 
very regrettable that the strenuous efforts made by the other 
countries of Western Europe, including the United Kingdom, 
to establish at the same time a Free Trade Area, which would 
have extended the range of that free economy and incidentally 
greatly enriched it, have not so far been allowed to come to 
fruition. 

The single point which I wish to make is that the alternative 
proposal that Britain should now itself seek to enter the 
Common Market (a proposal which may not commenzgd itself 
to all of the Rome Treaty powers) is not one which is clearly 
compatible with our wider obligations and responsibilities 
vis-a-vis the rest of the free world in which we buy and sell, 
Over the past centuries our close economic ties with the 
Rome Treaty countries have added great strength to our 
own internal economy, and today one-seventh of our external 
trade is done with them. 

If we remain outside the Common Market, that mutually 
beneficial exchange will be impaired to the extent that the 
new common customs tariff surrounding the six countries is 
higher than it was. But the alternative of entering it and being 
required to apply the same common tariff against all the rest 
of the world, including the poorer countries who look to us 
as an important export market for their primary products, 
would in my view be a retrograde step. The issue might be 
sharply described as a choice between encouraging, to the 
fullest extent of our power, the expansion of the wider 
economy of the free world as a whole, including in particular 
its poorest members, or sheltering inside a select European 
club of some of the richer countries, indifferent to the conse- 
quences of our action on the rest. 

There is, however, another policy open to Britain. Behind 
their common tariff the populations of each of the six 
countries will benefit from freer access to each other's 
products, as their internal tariffs are gradually eliminated, 
and their discrimination could result in their diverting to 
each other some exports which Britain and the rest of the 
outside world have been glad to continue to receive. We can 
prevent that diversion, so far as Britain is concerned, by 
behaving in that respect as though we were in the Common 
Market, lowering our own tariffs in line with the reductions 
which the six countries are committed to make to each other. 
At the same time we can abstain from erecting new barriers 
between ourselves and the rest of the world, which full 
membership of the Common Market would require us 
to do. 
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The prospect of being on the wrong side of the tariff wall 
surrounding the Common Market is a regrettable change of 
climate in our intercourse with the Rome Treaty countries, 
so far as Our export business is concerned, but we need not 
make matters even worse by not taking steps to preserve 
equal access to their products. 


Custom-built for export 

28. In their efforts to develop industries of their own, the 
poorer countries have an advantage which was not available 
to the richer communities when they themselves set out on 
the same road. They have access to the accumulated scientific 
and technical knowledge which the more developed countries 
have built up and have already largely exploited. Moreover, 
as contrasted with conditions a century ago, they may draw 
on the experience and supplies of many different industrialized 
countries and not merely of Britain and Germany. 

Some of the other suppliers have first-hand experience of 
conditions not dissimilar from those obtaining today in the 
newly developing regions, and their standard machinery and 
equipment may suit those conditions better than British 
models of the type which best meet the requirements of our 
home market. Machine and plant designs need to be adapted 
to the circumstances of the locality in which they are to be 
installed: to environmental conditions such as climate, to the 
peculiarities of the qualities of local materials to be processed, 
to the qualities of the local labour force, and to the availa- 
bility of capital for industrial development. 

This being obviously so, it follows that it cannot always be 
safe for British machine producers to regard export business 
as an additional outlet for standard products manufactured 
expressly to suit the requirements of the home market. A 
great proportion of the export trade is likely, if it is to be fully 
successful, to be of custom-built machines specifically adapted 
to the working conditions in each localized market. For 
example, in many parts of Africa industrial factories have 
to be manned, in the main, by migrant peasant workers who 
are not likely to stay for more than a few months and who 
may not be counted on to return to the factory or even to 
other urban employment. 

In such circumstances, the machines must be of a type 
which can be profitably operated by ‘green’ labour. Other 
industrial countries already have first-hand experience at 
home of problems similar to this. As regards the availability 
of capital, I will observe only that interest rates are very high 
in the poorer countries and that less-durable equipment, 
which is capable of a given rate of output, is usually cheaper 
than equipment with a longer life but only the same output 
rate. Faced with an acute scarcity of capital, industrialists in 
these poorer regions will prefer more machines with a short 
life to fewer of greater durability. 

29. Britain’s share of the business will depend on the readi- 
ness of our machinery producers to make a thorough study of 
the conditions in each market and to design and produce what 
is most acceptable. As I have already said, the structure of the 
British engineering and allied industries seems to me to be 
well adapted to meet the need. There are many specialist 
firms well organized to give intensive high-level attention to 
all-important questions of detail. 
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THE ENGINEER-ADMINISTRATOR IN THE EXPANDING 
ECONOMY 

30. I come now to my concluding topic. Preoccupation with 
the dynamic problems of the expanding economy has given 
new and important emphasis to much current economic 
thinking, research and teaching. The field of static economics 
—the study of the process of economic adjustment in an 
exchange economy towards a position of general equilibrium 
—has, with the aid of marginal analysis, been reduced in its 
main essential elements to order and precision by the efforts 
of the logicians and mathematicians. 

New aids to investigation and research have now made 
possible a co-ordinated and systematic attack on the phe- 
nomena of economic growth. Dynamic economics is con- 
cerned with analysing the effects on the stability of an 
expanding economy of changes in population and in its 
tastes; of changes in income or output per head, due for 
instance to technological advance; and of changes in capital 
saving and investment. 

31. The techniques of research, including the construction 
of simulation models, the study of closed-circuit or feedback 
systems, and the use of electronic computers and similar new 
aids, embody elements which are by no means limited in 
interest to, if indeed they were originated in any significant 
degree by, economic analysts. Mathematical engineers who 
participate in these economic inquiries feel, with good reason, 
that they are ‘playing on their home ground’. It is no accident 
that in the main graduate schools of the social sciences in 
Britain and the United States of America the leading groups 
of research workers and teachers concentrating in this field 
comprise men with basic training in mathematics and engi- 
neering as well as economics. 

32. This new field of economic research has great signifi- 
cance and interest for industrial administrators. In the first 
place, the economic, political and social environment in which 
industrial concerns have to operate today is characterized by 
continual complex and interrelated changes of over-all 
pattern. The administrator needs to discern quickly, interpret 
correctly and assess as accurately as he can this changing 
pattern of general trends which influence his markets, both 
for the sale of his products and for access to the productive 
resources that he requires. 

In the macro-economic field, economists are analysing the 
over-all processes of economic growth and fluctuations, 
endeavouring to detect and isolate the elements in growth 
which generate fluctuations, and seeking for the criteria of 
human intervention which will enable these fluctuations to 
be eliminated or corrected or contained without arresting the 
secular upward trend. Progress in this field holds out to the 
business administrator the prospect of a more equable and 
agreeable climate of operations, in which the quality and 
dependability of the economic intelligence presented to him 
by his market analysts will more certainly justify its cost. 


Creating a disturbance 

33. In the second place, industrial administrators can look 
to dynamic research in the micro-economic field for great 
assistance in tracing the causation of endogenous fluctuations, 
generated within the retail, wholesale and producer chain- 
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relationship of an industry or within a single integrated 
concern and consequent on a single once-for-all external 
change such as a sudden increase in consumer buying. 

Systematic quantitative research has already revealed the 
extent to which typical manufacturing and distributional 
practices generate inside an industry or concern large fluctua- 
tions in production loads, stock accumulation, instability of 
employment, overloading or running-down of supply pipe- 
lines, delays in delivery, and sharp reversals of the flow and 
magnitude of trade orders; all of which disturbances have 
traditionally been ascribed to external instability. In conse- 
quence, inappropriate corrective measures, such as large 
advertising and price-discount changes, have been resorted 
to which have added additional cyclical disturbance; and 
expansions of factory plant have been put in hand, creating 
serious excess capacity, because of failure to realize that the 
wide fluctuations in machine loading were due to endogenous 
causes, such as internal weaknesses of organization, structure 
and communications, and not to changes in external market 
conditions. 

34. In the third place, graduate schools of administration 
are evolving a valuable analytical approach to the theory of 
administration within typical concerns, based on the contribu- 
tions made by investigators of individual and group behaviour 
into motivation, influence procedure, and communication 
processes; and projected into the problems of functional and 
operating relationships, the decision-making process and the 
arrangements and organizations by which decisions can most 
effectively be implemented. 

35. I must resist the temptation to dwell on this topic and 
will content myself with two simple illustrations. In planning 
a new engineering business to produce a standard product in 
mass quantities, three main sets of problems fall within the 
province of different specialist divisions, which somehow or 
other have to be induced and organized to work as one 
harmonious group to produce the best over-all plan. They 
are the product designers, who are concerned with its break- 
down into component parts for production and assembly; 
the production engineers, who plan how the many operations 
shall be performed and distributed over what kinds of 
machines, operated by what kinds of labour; and the works 
superintendents, who are concerned with factory lay-out. 

Each specialist division can make the work of each other 
division more or less difficult and costly unless the arrange- 
ments for co-ordination and securing group agreement at 
every stage of planning work effectively and smoothly. Much 
guidance and instruction can be derived from a critical and 
comparative analysis of detailed case studies of the organiza- 
tional and planning procedures adopted in particular concerns. 

The second illustration is the works-management and 
progressing procedure of multiproduct engineering concerns 
engaged in manufacturing large machine installations on a 
bespoke, individual-contract basis, committed to delivery 
dates and concerned to secure the best user of its wide range 
of common-user plant and the greatest possible economy of 
working capital locked up in work-in-progress. Here again 
much can be learnt by graduate students from detailed 
examination of case studies of progressing arrangements. 

How successful are they in ensuring that, from the 
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standpoint of profit maximization, every job from the drawing 
office to the material acquisition, the machining and the fina] 
assembly and test is done at the last possible moment cop. 
sistent with punctual delivery, while at the same time securing 
a steady flow of remunerative work for the most expensive 
plant and the most efficient and skilled workers? 

My own limited experience in works management was 
derived in a medium-size mechanical-engineering business, 
and I well recollect the lessons I learnt about my own field 
when I had the opportunity to examine in detail the pro. 
gramming and progressing procedure adopted by an office. 
construction concern in clearing a congested site in the City 
of London and erecting a large block of offices, with very 
little space for the assembly of material and severe police 
limitations on the hours during which access of delivery 
trucks to the site could be permitted. 

Case studies drawn from a wide range of experience can 
provide excellent material for organized graduate training, 
and particularly so if they are both compiled and used by 
competent and expert instructors, if the numbers participating 
in seminar discussion are kept small enough to promote full 
student participation and if each of the members of the group 
has had ample time to study the case thoroughly and think 
about it before the seminar meets. 


Education and training for administration 


36. I have at last got round, as some of you who know my 
background will have expected me to do, to the topic of the 
further education and training of young engineers in the top 
flight for careers in industrial administration and management. 

I hope that many of you share my view that the problems 
of the expanding economy present a challenge to some of our 
finest intellects, not only those concerned with matters of 
public policy but also those on whom the responsibility rests 
for directing industrial concerns. I hope also that you will 
agree that the education and training which engineers undergo 
fit them particularly for work in this field and that the work 
is worthy of the attention of some of the best men coming 
forward, scarce and valuable as good engineers always are. 
Many of them are attracted by the idea of making a career 
eventually in general management and readily avail themselves 
of the opportunities now afforded them, in the final stages of 
their undergraduate education, to acquire some under- 
standing of the basic economic, administrative, social and 
legal problems with which industrial management has to deal. 

At that stage in their education as engineers there is no 
time, nor would it be wise, to attempt to do more than instil 
awareness, awaken interest and stimulate the imagination; 
but some of the best men are fired with a determination, after 
fully qualifying as engineers, to go on to further study, 
research and training in business administration. In many 
fields of industry, a high level of professional competence in 
engineering is an invaluable, if not indispensable, qualification 
for some high posts in general management, just as in others 
a parallel qualification in one of the applied sciences may be 
equally desirable. There are others in which even a first-class 
man educated in the humanities can make his way. All of 
them, however, will be better administrators if they are 
enabled to prepare themselves as seriously for these special 
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duties as they were able to do in their undergraduate course 
of study. 

37. Since I am personally engaged in helping to provide 
a graduate course of education and training for business 
administration, you will perhaps allow me to say briefly what 
our arrangements are at the London School of Economics 
in the University of London. We do it there because a 
graduate course of this kind needs to draw on a wide range 
of specialists in the relevant social sciences for research and 
teaching, and the School has a large academic staff specializing 
in the different fields of analytical and applied economics, in 
statistics and operational research, in accounting, law, labour 
relations, sociology and so on. 

We offer a somewhat rigorous and integrated full-time 
graduate course in business administration, extending over 
one academic year. 

Its size is strictly limited to the numbers who, apart 
from syndicate work in small groups, can participate 
fully in seminars conducted by senior specialist teachers. 
We take great pains in selecting graduate students, looking 
for high intellectual quality and attainment, a good balance 
of the various academic disciplines—engineers, natural 
scientists, lawyers, economists, the humanities—appropriate 
personal qualities, a firm resolve to make a career in manage- 
ment, and lastly a good spread of regional background— 
men from Britain particularly but also from the Dominions, 
the United States, Western Europe and so on. 

Our main deficiencies are, at the student level, not a high 
enough proportion of good men from Britain and the necessity 
to limit the total number admitted each year because of the 
high costs and other difficulties of duplicating the staff of 
really competent specialists and our determination not to 
allow standards to fall. 

38. The engineers who take this course do so as part of or 
immediately following their period of graduate-apprenticeship 
training. 

In the United States of America, the leading graduate 
schools of business and industrial administration are, of 
course, richly endowed and generously financed by business; 
and the numbers of engineering graduates who turn to 
administration and are encouraged and assisted by their 
employers to attend these institutions for one or two years of 
full-time study or research, in preparation for senior manage- 
ment appointments, are in striking contrast to the situation 
which has hitherto prevailed in Britain. 

Since the 1939-45 War, a steady stream of Canadian 
engineering graduates has come each year to the United 
Kingdom, under the Athlone Fellowship scheme, to gain 
practical experience in engineering and industrial concerns 
and to undergo further advanced courses in universities on 
this side; and we have been glad to welcome a considerable 
number of them to spend one of their two years in the 
graduate course in business administration at the London 
School of Economics. 

But whereas British industrialists have been far-sighted in 
encouraging and assisting their engineering and other techno- 
logical staff to attend university graduate courses for further 
advanced study and research in the field of their under- 
graduate specialization and have generously endowed the 
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provision in the universities of adequate facilities and specialist 
staff to conduct these advanced courses, there has been so far 
very little recognition by British industry of the urgent need 
for parallel encouragement and assistance to engineers and 
applied scientists to prepare themselves for posts on the 
higher managerial and administrative side of business. 

39. Iam happy, however, to end on a brighter note. At the 
last annual conference of the Institute of Directors held in 
London a few months ago, the President of the Institute, 
Lord Chandos, made a strong plea for support for a business 
course in a school of a great university, though not for a 
specialized course which neglected the humanities. ‘Of the 
qualifications for the profession, avocation, occupation or 
distinction of being a director, the first might possibly be’ he 
suggested ‘the fundamental or theoretical knowledge of 
business.’ 

Nobody, he said, who was exercising the simplest func- 
tion of management in peace or command in war without 
a theoretical knowledge of his profession could do it as well 
as those who had. He announced that the Institute’s Council 
intended to pursue the subject further. 

I am still happier to be able to add that, apart from the 
action contemplated by the Institute itself, Lord Chandos, in 
his capacity as Chairman of Associated Electrical Industries 
Ltd., has resolved to give a lead by sending to the graduate 
course in business administration at the London School of 
Economics each year, on completing their professional 
training, a number of the most promising graduate engi- 
neering apprentices to whom it is decided to offer a permanent 
appointment in the concern. 

40. On the academic side, engineers and economists are, 
I suggest, now well equipped to collaborate in a combined 
attack on the problems of improving industrial efficiency in 
the expanding economy. It is for business to decide, following 
the authoritative lead of Lord Chandos and other like-minded 
industrialists, how quickly, by a parallel collaboration 
between industry and university, we in the United Kingdom 
can create and set to work this new profession of the engineer- 
administrator. 





British control experts visit U.S.S.R. 


A BRITISH team of experts in automatic control spent the last 
two weeks of May 1959 studying the developments and 
applications of automatic-control techniques in industry in 
the Soviet Union. 

The visit was the result of collaboration between the Council 
of The Institution and the Soviet Relations Committee of the 
British Council on the one hand and the Academy of Sciences 
of the U.S.S.R. on the other. 

It reciprocates a visit made to the United Kingdom 
during November and December 1958 by a Soviet team of 
control experts. 

The British team were Prof. A. Tustin, m.sc. (Leader); 
Mr. A. Asbury, B.sc.; Mr. S. S. Carlisle, M.sc.; Mr. P. H. 
Hammond, s.sc.; Mr. R. H. Tizard, B.A.; and Mr. A. J. 
Young, B.A., B.SC. 
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Wiring Regulations—recent interpretations 


(Issued on the Ist June 1959) 


fhe 13th Edition of the Regulations for the Electrical 
equipment of buildings was issued on the Ist September 
1955, and amendments were approved by the Council of 
The Institution having effect from the 15th December 1958. 
The following abstracts of interpretations, the seventh group 
to be published,* are of general interest and involve clear-cut 
issues. 

In the sixth set of abstracts, issued on the Ist December 
1958, an invitation was extended to users to comment on a 
suggestion that the abstracts should be collected together and 
issued in the form of a companion volume to the Regulations. 
In view of the small response, it has been decided not to 
pursue this suggestion, and the abstracts will continue to be 
published in their present form. 


Inquiry 50 Regulation 206(A) and Table 7 


Table 7 lays down the colours to be used for the identifica- 
tion of bare conductors and cable cores. Doubt has arisen, 
however, about the correct colour to be used for a protected 
earthing lead. Here there is no insulation of the conductor 
which can be used for identification, and the only colour is 
that of the finishing compound. 

What colour should be adopted for a separate protected 
earthing lead to enable an installation to comply with the 
Regulations? 


Reply 

An earthing lead with a protective braid may be considered 
as a lightly insulated conductor and thus falls within the 
terms of the definition of ‘cable’ given on p. 7 of the Regula- 
tions. Regulation 206(A) therefore applies to such an earthing 
lead, and Table 7 requires that a cable used as a fixed earthing 
lead shall be identified by the colour black. 

As regards the use of the outer braid of a cable for identifi- 
cation, attention is directed to the reply to inquiry 10 in the 
abstracts of interpretations issued on the 3rd September 1956. 


Inquiry 51 Regulation 214(A) 

Regulation 214(A) provides that cables with voltages 
exceeding extra-low voltage shall not be drawn into the same 
conduit or duct as cables of extra-low-voltage systems, unless 
the latter are insulated for the highest voltage present. If such 
circuits are run in common trunking, they must be effectively 
segregated. 

Difficulty has arisen regarding the application of the 
Regulation to a factory installation in which a duct contains 
both medium-voltage and low-voltage p.v.c.-insulated cables. 
In addition, it is proposed to run extra-low-voltage systems, 
such as a 12-volt emergency-lighting system supplied from 
batteries; the extra-low-voltage circuits will be wired in 
250-volt-grade mineral-insulated copper-sheathed cable with 
an over-all sheath of p.v.c. The copper sheath will be earthed. 

It is more convenient to run the mineral-insulated copper- 
sheathed cables in the same duct as the existing medium- and 


* Reprints of the earlier sets of abstracts remain available, price 6d. each post- 
free. Details of these may be obtained from the Secretary of The Institution 
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low-voltage wiring. Would such an arrangement contravene 
the provisions of Regulation 214(a)? 


Reply 

In a situation such as that described, the highest Voltage 
present in the power and lighting cables is medium Voltage, 
If the medium-voltage circuit is derived from a 440-yolt 
3-phase supply in which the neutral conductor is permanently 
and effectively earthed, a 250-volt-grade cable would be 
regarded as suitably insulated for the highest voltage present 
(see Note to Regulation 202). The controls and outlets for the 
two categories of circuit must, however, be separated from 
each other, as Regulation 214(A) requires. 

Where a circuit connected to a public telephone system jg 
in question, the requirements of the Post Office as to the 
segregation of the circuit from power and lighting circuits 
should be ascertained. Guidance as to good practice in the 
segregation of conductors of different systems is given in the 
series of British Standard Codes of Practice on telecommuni- 
cation, in the series numbered CP 327. 


Inquiry 52 Regulation 301 


The interpretation of the above Regulation (reply to 
inquiry 48) issued on the Ist December 1958 suggests that 
two common practices do not comply with the Regulation. 
The circumstances are as follows: 


A. A common trunking system is run through a factory and 
encloses power and lighting wiring, the former from a 
medium-voltage supply. Lighting fittings are suspended or fed 
from the trunking and are group-controlled by switches at 
suitable positions. According to the interpretation, since the 
feeder cables operate at low voltage, the switches need not 
be rated for a voltage higher than that existing in the circuits 
concerned. But, as the outgoing cables from the single-phase 
switches are contained in the trunking carrying wiring 
connected to different phases, it would appear that the 
switches must be rated for medium voltage. Is this so? 

B. A switchboard comprises a busbar chamber and outgoing 
single- and 3-phase switch-fuses. The outgoing cables from 
the switch-fuses all pass through a common trunking, to 
which the switch-fuses are directly connected, and thence in 
individual or common conduits. Does the Regulation require 
that the single-phase switch-fuses be rated for medium voltage 
unless separate conduits are taken directly from them? 


Reply 

Regulation 301(8) and Note 1 thereto relate only to fuses 
and circuit-breakers. For switches, Regulation 301(a) applies, 
and this requires that all apparatus shall be rated for a 
voltage not less than the maximum steady r.m.s. voltage 
likely to be applied. 

As indicated in the reply to inquiry 48, if any of the out- 
going wiring from single-phase fusegear is housed in the 
same enclosure as wiring connected to a different phase, the 
single-phase fusegear concerned must, for compliance with 
Regulation 301(8), be rated for the maximum voltage 
difference between phases. 
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Inquiry 53 Regulation 307(A) 
Paragraph 3(b) of B.S. 559: 1955 allows the use of Perspex 
within in. of a luminous discharge lamp and within 2in. 
of a current-carrying part. Regulation 307(a), on the other 
hand, appears to apply to any lighting fitting with a rating 
ter than 60 watts; thus, not merely would the arrangement 
described in B.S. 559 be prohibited but so also would a large 
roportion of domestic lamp-shades. Is this reading of the 
Regulation correct sy 


Reply 

As stated in the Introduction, the requirements of the 
Regulations, other than those of Section 6, do not relate to 
the internal wiring of manufactured apparatus which is not 
wired on site. For the construction of electrical apparatus, 
the requirements of the Regulations are expressed mainly in 
the form of references to British Standards. For electric 
signs, Regulation 601 requires compliance with B.S. 559, 
clause 3(b) of which states: 


‘Acrylic plastics . . . , either in the form of sheet or moulding, 
may be used for the light-transmitting enclosure of an 
installation, where Local Authority bye-laws or regulations 
do not otherwise prohibit the use of these materials. 

‘Such materials shall be spaced at a minimum distance of 
2in. from the nearest exposed metallic current-carrying part, 
and spaced at a minimum distance of din. from the luminous 
discharge tube if within 6in. of the electrodes. 

‘Any exposed edge of such material, e.g. the inner edge, 
shall be protected by close-fitting sheet metal for at least #in. 
from its edge, if it is within a distance of 3in. of the nearest 
exposed metallic current-carrying part if this is not provided 
with an earthed metallic enclosure.’ 


As regards fixed lighting fittings which do not fall within 
the scope of B.S. 559, Regulation 307(A) applies. However, 
the Regulation relates to ‘fixed apparatus’; and, for the 
purposes of this Regulation, that term may be taken to 
exclude the lamp itself, to which only clause (D) of Regula- 
tion 307 applies. 

This question has been noted for further consideration 
when the Regulations are next revised, in case further 
clarification is needed. 


Inquiry 54 Regulation 314(A) 

This Regulation requires that ‘Every heating appliance 
shall be controlled by a linked switch arranged to break all 
the supply conductors, unless the heating elements are so 
screened that they cannot be touched.’ 

How does this Regulation apply to a sheathed element, such 
as is fitted in a non-portable radiant heater? 


Reply 

The Regulations do not deal specifically with the type of 
heating element described, but the part of Regulation 314(a) 
quoted is concerned with ensuring safety from electric shock 
from the exposed elements of non-portable heating appliances, 
particularly during cleaning and maintenance. Where a 
heating element is completely encased in earthed metal, it can 
be assumed, for the purposes of this Regulation, to be so 
screened that it cannot be touched; thus, the requirement for 
control by a linked switch arranged to break all the supply 
conductors does not apply. The requirements of the remainder 
of Regulation 314(a), Regulation 314(B), and Section 4— 

g Must, of course, be observed. 


JUNE 1959 





For a non-portable appliance having a heating element 
sheathed in material other than earthed metal, the use of a 
linked switch is necessary for compliance with the Regulations 
unless it can be shown that the method of sheathing effectively 
screens the live parts of the element from touch in all condi- 
tions of use, including maintenance and cleaning. Attention 
is directed to the definition of ‘heating element’ contained in 
B.S. 205 ‘Glossary of terms used in electrical engineering’ and 
adopted for the purposes of the Regulations, namely: 


“Heating-element. A device used in electric ovens, electric fires, 
etc., comprising a heating-resistor and element-former, 
together with any other parts necessary to it as a detachable 
unit.’ 


Inquiry 55 Regulation 503 


Where 25 outlets wired in p.v.c.-insulated cables are being 
tested, the formula in Regulation 503(B) gives a value of 
0-5 megohm. The Exemption to the Regulation, however, 
implies that a value of 1 megohm is the minimum acceptable. 

Is the above value of 0-5 megohm acceptable, or must the 
circuit be divided into sections so that a minimum value of 
1 megohm can be recorded for each separate test? 


Reply 


Where a test is being made of a whole installation having a 
small number of outlets such that the application of the 
formula in Regulation 503(B) would give a result greater 
than 1 megohm, the Exemption to the Regulation provides a 
relaxation, in that a reading in excess of 1 megohm need not 
be obtained. If a reading of less than 1 megohm is obtained 
in these circumstances, the installation must be subdivided, 
and each section must then comply with the appropriate 
formula stated in the Regulation. 

Any reading below 0-5 megohm, whether for the whole 
installation or for a part of it, must be disregarded and the 
wiring under test subdivided in accordance with Regula- 
tion 502(B). 


Inquiry 56 Regulation 713(A) 


Regulation 713(A) states that a fireman’s switch ‘. . . shall 
be arranged to isolate the discharge-lamp installation from all 
poles of the supply... .’ 

The Regulation does not say that the fireman’s switch 
must itself isolate the discharge-lamp installation. Is the 
Regulation complied with if the fireman’s switch is wired in 
the coil circuit of a contactor, so that when the fireman’s 
switch is opened the contactor isolates both poles of the 
supply from the discharge-lamp installation ? 


Reply 


Regulation 713(A) does not exclude an arrangement in 
which a fireman’s emergency switch is arranged to operate a 
contactor, which in turn isolates a discharge-lamp installation 
from all poles of the supply. The use of such an arrangement 
should, however, be the subject of special consideration, 
bearing in mind the risk that could in some circumstances be 
introduced by a fault developing in the contactor. 

For installations in premises subject to the Factories Act, 
it is recommended by the Factory Inspectorate of the Ministry 
of Labour that a fireman’s emergency switch should com- 
pletely isolate a discharge-lamp circuit, including the cables, 
and that the switch should not merely operate a contactor 
coil. 
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A review of the Proceedings, Parts A and B 





Electron-trajectory tracer 


A short review* of a Measurement and Control Section paper 
(2800) entitled ‘An electron-trajectory tracer for use with the 
resistance network analogue’, by M. E. Haine, D.Sc., Member, 
and J. Vine, M.Sc. The paper was published individually in 
December 1958, and it will be republished in Part B of the 
Proceedings. Dr. Haine was formerly and Mr. Vine is with 
Associated Electrical Industries Ltd. Dr. Haine is now with 
Siemens Edison Swan Ltd. 


HE problem of tracing an electron trajectory in the region 

surrounding a given system of electrodes can be divided 
into two stages: first, the determination of the field distribu- 
tion around the electrodes; and second, the solution of the 
equations of motion through this field. 

The field determination is itself difficult mathematically 
and is most conveniently done by means of an analogue 
device, the most widely used examples being the electrolytic 
tank and the resistance network. It is advantageous if equip- 
ment can be used in conjunction with one of these analogues 
to compute the electron trajectories directly, so eliminating 
the intermediate step of extracting and recording the field 
data. 

Previous examples of such automatic ray tracers have 
utilized the electrolytic tank for the field determination, but 
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1 A typical electron 
lens sh}---4} 











the equipment described in the paper makes use of the 
resistance network and therefore has advantages in the 
greater accuracy and convenience of this device. 


The resistance network 


The electrolytic tank is based on the exact analogy that 
exists between the electric potential in space surrounding 
a system of electrodes and the electric potential set up by 
currents flowing between a similar system of electrodes 
immersed in a conducting medium. In the resistance network 
one may simply regard the continuous medium of the tank 
analogue as being replaced by a network of lumped con- 
ductances. By the use of a sufficiently fine mesh, the properties 
* This article and those on the following pages are based on, and written by the 
authors of, current Institution papers. The authors have been asked to make 
these articles, so far as possible, interesting and of appeal to electrical engineers 


who have no specialized knowledge of the subjects, and the content of the articles 
is not necessarily confined to the subject-matter of the original papers 
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of the network are made to approach very closely those of a 
continuous medium. 

Owing to the large number of resistors involved in repre. 
senting a three-dimensional medium, the use of the resistance 
network is mostly restricted to problems having symmetry 
properties which can be represented in two dimensions, 

The electron lens shown in Fig. 1 is an example of a system 
having axial symmetry, in which the potential is independent 
of the polar angle 6. The two-dimensional resistance network 
for this type of problem has co-ordinates r and z, and its 
resistance varies with r in such a way as to represent a wedge 
of uniformly resistive material. Electrode models are set up 
by short-circuiting nodal points along lines corresponding to 
a cross-section of the lens electrodes in a meridian plane, 

For the lens shown in Fig. 1, the cross-section of each 
cylinder is a straight line, and Fig. 2 shows the representation 
of this on the network. The electrical connections of the 
network electrodes are similar to those of the original lens, 
with the applied voltage suitably scaled down. The potential 
distribution produced on the network is, to a close approxi- 
mation, the same as that of the real system. 


The trajectory plotter 


With the trajectory plotter described, the electron path is 
computed in steps of one network mesh, the acceleration 
being assumed constant over each step. The acceleration at 
any point is proportional to the electric field strength, the 


a 





2 The lens shown in Fig. 1 represented on a resistance network 





components of which are available directly from the resistance 
network in the form of the voltage between adjacent mesh 
points. At each step in the computation, therefore, two such 
voltages, one for each acceleration component, are extracted 
from the mesh concerned and fed into the trajectory plotter, 
which performs what amounts to a double integration to 
obtain the displacement. 

The circuit by which this process is carried out is shown it 
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Fig. 3, where the resistances of Rg and R, are equal while 
that of R2 is so large that the current it draws may be ignored. 
The fractional setting 7 of the coupled potentiometers R, and 
R, is proportional to time 1. 

The two input voltages V;and V,,, proportional respectively 
to acceleration f and velocity u, produce an output given by: 


V, = Vir + 4V,7? 


which comparison with the elementary dynamical equation 
for motion under constant acceleration: 


s=ut+H4f?? 


shows to be proportional to displacement s. 

The trajectory plotter consists essentially of two such 
circuits, one for each component of motion, whose outputs 
are measured to obtain the path through each network mesh. 
The variation of the voltage V,, must itself be followed by the 
integration of V;, and a simple circuit rearrangement at each 
step enables this to be accomplished. 

Four bridge measurements are involved for each step, two 
for the displacement components and two for the velocity 


Electromagnetic 


A brief account of a Utilization Section paper (2861) with the 
above title, by D. O. Bishop, Ph.D., B.Sc.Eng.), and G. S. 
Brosan, Ph.D., B.Sc.(Eng.), Members. The paper was published 
individually in April 1959 and will be republished in Part A of 
the Proceedings. Dr. Bishop is at Regent Street Polytechnic 
and Dr. Brosan is at Willesden Technical College. 


HE torque convertor consists basically of a homopolar 
generator driving a homopolar motor, and a simplified 
construction is shown in Fig. 1. 

In this form, each rotor is solid and made of high- 
permeability and relatively high-conductivity iron. The stator 
is also of iron and contains a squirrel-cage winding com- 
prising a number of axial copper bars connected to two 
copper end-rings. Exciting coils in the stator provide magnetic 
fluxes ®, and ®, as shown. The gaps between the rotors and 
the stator are filled with mercury, and the surfaces of the 
rotors and the stator are partly covered with insulating 
varnish in such a way that a current J can flow along the 
path indicated in Fig. 1. 

When rotor | is driven, an e.m.f. is generated in it, and 
this causes the current J to circulate through both rotors and 
the stator. The current in rotor 2 produces a torque on this 
rotor because it links the magnetic flux ®,, and rotor 2 may 
then rotate and drive a mechanical load. 

Assuming the losses to be negligible, any desired torque 
ratio can be obtained by passing suitable currents through 
the exciting coils. Moreover, the speed ratio will be inversely 
Proportional to the torque ratio. The machine is thus a 
‘torque convertor’, the difference between the torque applied 
to rotor 1 and that exerted by rotor 2 on the load being 
balanced by a static reaction torque on the stator. 
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components; and at the completion of these the probe is 
moved manually to the succeeding mesh, and so on, until the 
whole path has been traced. 





Ro 
peg raseas see rse:| 7 
Input | f 
Ve R, , Fd 
Ro> 
2s 
} Input .: — 
tt 








The method has been tested on lenses of the type shown 
in Fig. 1, and results indicate that the discontinuous nature 
of the resistance network has prevented the accuracy of its 
potential distribution from being fully utilized. However, 
methods are described in the paper by which, it is thought, 


this disadvantage can be largely overcome. 
621.317.79 : 681.142 : 621.385.833 


variable-ratio torque convertor 


Mechanical, electrical and iron losses will occur. The 
mechanical losses are mainly due to fluid friction and tur- 
bulence in the mercury, but a calculated estimate of these 
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1 Main components of the torque convertor, showing the 
magnetic-flux and current paths 





is difficult because the mercury flow is much affected by 
electromagnetic forces. J*R losses can be reduced by using 
high-conductivity materials for the current path (e.g. the 
squirrel cage in the stator has been included mainly for this 
purpose). The iron losses are small and due solely to flux 
pulsations in those parts of the rotors adjacent to the stator 
copper bars; they can be made negligible by ‘closing the slots’ 
containing these bars. 
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Experimental model 


An experimental model has been manufactured, and an 
efficiency of 45% with an output of 3-lh.p. at input and 
output speeds of 1000 and 700r.p.m. has been achieved. The 
losses are almost wholly J?R losses and mechanical losses; 
and it is considered that both can be reduced by suitable 
design. On the other hand, as expected, the torque and speed 
ratios can be varied easily and smoothly over a wide range. 
For example, when one exciting current is reversed suddenly 
by switching, the output rotor comes to rest and accelerates 
to full speed in the opposite direction in 6sec. 


Although the generated e.m.f. is very small (0-7 volt) ang 
the current is large (20000amp approximately), the curren 
path is short and has a large cross-section; and so it should 
be possible to design a model in which the current densities, 
the resistance of the current path, and hence the /?R losses, 
are very small. In the above model the resistance was estimated 
from the test results to be about 4 x 10~®ohm, a figure much 
higher than that calculated from the dimensions of the circuit, 
The difference is probably due to the fact that with a circyit 
of this shape the current densities vary widely over all cross. 
sections. 621.313.292 : 621,34 


Reliability of impregnated-paper capacitors 


A short review of a paper (2866) entitled ‘The reliability and 
life of impregnated-paper capacitors’, by J. P. Pitts, B.Sc.(Eng.), 
Associate Member. The paper was published individually in 
February 1959 and will be republished in Part A of the 
Proceedings. The author is with the General Electric Co. Ltd. 


HE quest for greater reliability in paper capacitors has 

been accompanied by simultaneous efforts to reduce 
both size and cost. Consequently, interest in mechanisms of 
impregnated-paper-dielectric deterioration and failure has 
been particularly keen during recent years. The lives of paper 
capacitors, even if adequate for many practical purposes, are 
in general limited by slow processes of deterioration. Where 
extreme reliability is needed, as, for example, in submerged 
transatlantic telephone repeaters, there is an interest in 
indefinite extension of life. 

Capacitor reliability is related to the useful life of asso- 
ciated equipment. For complete reliability, i.e. no capacitor 
failures during the equipment’s useful life, the latter must 
be exceeded by mean capacitor life to an extent depending 
upon the spread of capacitor lives. A wide spread is normal 
under direct-voltage stress and, as an example, it may be 
noted that with a need for no failures in ten years and a 
ratio of 1 : 20 between shortest and longest lives, a mean 
capacitor life in the region of 100 years could be required. 


Hermetic sealing 


For high reliability it is essential to prevent ingress of 
moisture to the dielectric during the capacitor’s required life. 
Where the latter is long and high humidity may be encoun- 
tered in service, metal cases with various forms of elastic seal 
(commonly Neoprene and sometimes an elastomer or 
polytetrafluorethylene) are customarily used to meet the 
requirements of humidity class H2. Class H1 requirements 
have been met for many years by using metal cases and 
soldered vitreous insulation, while the thermosetting epoxy 
resins have offered a more recent alternative. 


Primary causes of breakdown 


Within the dielectric of a hermetically sealed paper 
capacitor there are three primary factors which may 
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contribute to various failure mechanisms: conducting 
particles in tissue; any substances which can dissociate and 
cause electrochemical deterioration; and voids, which 
are tiny bubbles or cavities containing gases and/or 
vapours. 

It is possible for some paper capacitors to be void-free when 
a fluid impregnant is used, but conducting particles and some 
ionizable impurities are always present. The extent to which 
these primary causes enter into particular mechanisms of 
failure depends on such factors as the nature of electric stress 
(direct or alternating) and its intensity, the number of paper- 
dielectric interleavings between foil electrodes, and dielectric 
temperature. 


Direct-voltage stress 


The electrochemical nature of paper-capacitor failure under 
direct electric stress has been established and examined in 
extensive American and English work. At the E.R.A. labora- 
tories it became apparent that the observed wide spread of 
lives of similarly processed capacitors must result from the 
distribution in the dielectric of conducting particles of 
varying size. 

This led to the conception of a local most-stressed region 
in the shortest dielectric path between electrodes which, with 


local acceleration of electrochemical processes, would deter- 
mine the d.c. life of the capacitor. If, in any group, the ; 


capacitor with the minimum path in its most highly stressed 
region can be made to live as long as the associated equipment 
by sufficient limitation of electrochemical actions, then 
reliability is complete despite the presence of conducting 
particles. Elimination of the latter does not seem a practical 
possibility. 


In present-day d.c. paper capacitors the stress required to | 


break down the dielectric in one minute may be six to ten 
times normal working stress, this being necessary because 
gradual electrochemical deterioration will occur during iife. 
In recent years much has been published on the us 
of stabilizers to extend lives by accepting deleterious 
products of electrochemical actions in the dielectric, 
but, so far, little has been published on the influence of 
small traces of free moisture in tissue on electrochemical 
deterioration. 
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Paper capacitors at power Srequencies 


At power frequencies there is some evidence that, with 
sufficient drying of tissue and impregnation with a pure, 
stable and fluid dielectric material (e.g. pentachlordipheny]), 
electrochemical actions can be made negligible. If the 
capacitor design gives a working stress well below the stress 
for inception of internal discharges in the dielectric, which 
can occur either in voids present initially or in voids produced 
by high stress, and if thermal instability is avoided, then the 
lives obtained in practice are exceedingly long—too long, for 
example, to obtain a complete picture of breakdown near 
working stress within 20 years. 

Very slow chemical deterioration is likely to occur, par- 
ticularly at high working temperatures, and this most prob- 
ably explains the slow lowering of discharge-inception voltage 
that has been observed with some capacitors. It is interesting 
to note that where this lowering and eventual failure due to 
internal discharges take place, the spread of lives can be very 
small. 

With paper capacitors using only two paper interleavings 





between electrodes, some cases of failure due toelectrochemical 
deterioration at power frequencies have been reported by the 
E.R.A., who have devised tests to detect ionic impurities in 
materials of construction and in capacitors. 


Future prospects 


It would appear possible to increase still further the 
reliability of paper capacitors for both communication and 
power applications, without increase of size, particularly in 
the case of cheaper capacitors using two paper interleavings 
between electrodes. In many applications reliability may 
already be quite adequate. 

At power frequencies an equally satisfactory alternative to 
the paper capacitor does not seem likely for many years. 
Although inherent limitations, in respect of relative bulk, 
stability and losses at higher frequencies, preclude the use 
of paper capacitors in a number of communication applica- 
tions, many places still exist where they offer the best com- 
bination of reliability and low cost. 621.319.42 : 621.315.614.6 


Field strengths for television reception 


Ashort account of an Electronics and Communications Section 
paper (2816) entitled ‘The field strengths required for the 
reception of television in bands I, III, IV and V’, by G. F. 
Swann, Associate Member. The paper was published individually 
in January 1959 and will be republished in Part B of the 
Proceedings. The author is in the Post Office Engineering 
Department. 


HE paper studies the factors which affect television 

reception in the four frequency bands allocated by 
international agreement and suggests a basis on which the 
nominal service area of a television broadcasting station may 
be defined. 

Starting from the value of signal/noise ratio at the modulat- 
ing electrode of the picture tube of a television receiver which 
can be regarded as the minimum which will give a subjectively 
‘satisfactory’ picture, the field strength at a dipole aerial 
which gives this grade of service with an ideal 405-line, 
asymmetric-sideband receiver is derived. This derivation gives 
the appropriate field strength for each of the four frequency 
bands concerned, and allowances are then made for the 
characteristics of typical domestic receiving installations, 
using what are considered to be typical values for aerial 
gain, feeder loss, and receiver noise factor. 


Statistical methods 


Since v.h.f. and u.h.f. field strengths are affected con- 
siderably by local ground undulations and the obstructive 
effects of buildings and trees, it is necessary to consider the 
extent of these variations. Use must be made of statistical 
methods of expressing the field strength available in a 
Particular area. A ‘local variation factor’ is employed, which 
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is a measure of the extent of the variation; this factor has 
been measured for different frequencies and types of terrain 
and enables a nominal service-area limit to be defined as 
giving a certain probability of ‘satisfactory’ reception. 

It is assumed that reception is affected solely by natural 
and receiver noise, i.e. ‘rural’ reception as distinct from 
‘urban’ reception which is limited by man-made noise of 
various kinds. It is concluded that the median field-strength 
values* in Table 1 will provide a ‘satisfactory’ signal/noise 
ratio at 70% of the possible aerial locations in an area 
receiving this field strength. 











Table 1. Summary of field-strength requirements 
Band | Frequency range, Field strength required for just-‘satisfactory’ 
_ | Mc/s | service, mV/m 
| 
| To define contour 
At individual receiving | limit of service area 
location (70% probability of 
| service) 
I 41-68 0-1-0-15 0-115-0-170 
Ill | 174-216 0-35 0-45 
IV 470-585 0-8-1-6 1-2 
Vv | 610-960 1-4-2-8 | 2-4 





The range of frequencies covered by band I makes it 
necessary to quote field strengths for the upper and lower 
limits of the band, i.e. channels 1 and 5 respectively. In the 
case of bands IV and V, two main classes of receiver have 
been considered. The higher field strengths quoted are 
appropriate for receivers using crystal mixers without 
preceding r.f. amplifier stages, while the lower values should 
apply to receivers using special ‘low-noise’ r.f. amplifier 
* The median field strength is the field strength exceeded at 50% of the possible 


aerial locations within an area and is the value normally given on field-strength 
maps published by the broadcasting authorities 
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stages before the crystal mixer to give the lowest practicable 
noise factor. 


Conclusion 
The field strengths arrived at for bands I and III are very 
similar to those already adopted as service-area limits in the 


United Kingdom on the basis of experience; the figures for i 
bands IV and V are necessarily tentative at this stage. While | 
these latter figures may need to be modified when more 
experience of reception in the higher bands has been obtained. 
they should provide a useful interim guide for Planning 


purposes. 621.3978) 


Insulation levels and tests for h.v. transformers 


A short account of a Supply Section paper (2804) entitled ‘The 
selection of insulation levels and tests for high-voltage trans- 
formers’, by G. B. Harper, Member. The paper was published 
individually in January 1959 and will be republished in Part A 
of the Proceedings. The author is with the Central Electricity 
Generating Board. 


HE insulation level or strength of a transformer can be 

defined in terms of the voltage tests for which it is 
designed. Selection of an appropriate level depends mainly 
on three factors: 


(a) the voltage of the system, which governs the continuous 
working stress on the insulation 

(b) the method of system earthing employed, which controls 
the magnitude of overvoltage arising during system faults 
and the type of winding insulation used, i.e. uniform or 
graded 

(c) the degree of exposure to atmospheric (or switching) over- 
voltages, which involves consideration of the arrangement 
of the system and the form of surge protection employed. 


From examination of the different forms of impulse and 
power-frequency voltage test and consideration of insulation 
characteristics, a pattern for the over-all strength of a trans- 
former can be developed. Fig. | covers conditions associated 
with the British 132 and 275kV Grid systems, based on 
voltage-test levels at present specified compared with levels 
one class lower, i.e. 450 and 900kV against 550 and 1050kV 
at present specified for the full-wave impulse-voltage test. 

Choice of a suitable insulation level, however, involves 
consideration not only of the transformer characteristics but 
also of those of the system forming part of the general 
problem of insulation co-ordination. This can be described 
as the process of correlation between the system charac- 
teristics, the insulation strength of its parts, and the method 
of surge protection adopted, so as to achieve reasonable 
freedom from plant failure and supply interruption. 


Surge protection 


Surge protection of high-voltage transformers is usually 
provided either by co-ordinating rod-gaps or by surge 
diverters. A rod-gap, while a simple and cheap device, suffers 
from the disadvantage that its protective (i.e. flashover) 
characteristics are inconsistent, being affected by the wave- 
shape and polarity of the applied surge. Further, as the surge 
and any power-follow current are directly discharged to earth, 
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a system earth fault results, involving disconnection of the 
protected plant. Comparison between typical voltage/time 
characteristics for rod-gaps and transformer insulation also 
shows higher breakdown values in respect of the former, with 
consequent reduced protection against steep-fronted waves, 

Surge diverters provide a more uniform performance, as 
their sparkover characteristics are controlled; as the discharge 
is also controlled, plant disconnection is avoided. As a 
manufactured item of plant, however, a surge diverter is more 
expensive and inherently less reliable than a rod-gap. Further, 
because of the material used in its construction, silicon 
carbide, a surge diverter also has a limited and critical 
thermal capacity, and it is necessary to ensure that operation 
does not occur during either normal or abnormal increase 
in the system voltage; its rating is consequently dependent 
on the system earthing conditions. 

Provided that reliable surge diverters with suitable charac- 
teristics for the system conditions are available, their use can 
permit selection of a transformer-insulation strength lower 
than that necessary with rod-gap protection. The use of surge 
diverters, however, involves increased capital expenditure, 
and this needs to be considered in relation to any saving in 
reduced transformer insulation and avoidance of plant 
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British practice and experience 


Apart from transformers directly connected to generators, 
where surge diverters are installed to avoid loss of output, 
and special cases, e.g. transformers connected to wood-pole 
lines, surge protection of transformers associated with the 
British 132 and 275kV Grid systems is provided by rod-gaps. 
Analysis of transformer faults for the 132kV system over 
the 10-year period 1948-58 indicates a total of 13 due to 
lightning and seven due to switching operations, which, 
expressed as faults per 100 transformers per annum, amounts 
to an average of 0-25 and 0-13 respectively. 

Of these incidents, the majority were associated with trans- 
formers over 20 years old whose insulation strength was 
considerably inferior compared with that of modern designs; 
in a number of cases the faults did not result in permanent 
insulation damage. No similar faults have been experienced 
with the 275kV system, which has been in operation for a 
shorter period and where all the transformers are of a modern 
impulse-tested design. 

Rod-gap settings at present employed for the 132 and 
275kV transformers are 26 and 48in., respectively, the 
protective levels of which relative to specified transformer- 
insulation strengths are shown in Fig. 2. The low fault rate 
experienced with these settings, however, cannot be taken 
as a direct criterion of the efficiency of rod-gap protection, 
and due account must be taken of the natural shielding 
provided by the system and associated connections. An 
economic appraisal indicates that nothing would be gained 
in British conditions by a change in the methods of surge 
protection employed. 


Routine and type tests 

Present transformer-test procedure covers various forms 
of impulse (as a type test) and power-frequency (as a routine 
test) voltage applications. While the former, associated with 
suitable surge protection, correspond to service conditions, 


the latter bear no similar relationship, giving rise to voltage 
stresses somewhere between those due to switching surges 
and those resulting from system faults (see Fig. 1). When 
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2 Protective levels, for 26 and 48in. rod-gaps, relative to 
550 and 1050kV (peak) transformer-insulation levels 


a 26in. rod-gap, negative wave 
b 48in. rod-gap, negative wave 
ce 550kV (peak) insulation level 
d 1050kV (peak) insulation level 


consideration is being given to revision of transformer tests, 
therefore, the following may merit examination: 


(a) impulse tests on a routine basis 

(b) a test corresponding to switching overvoltages, if neces- 
sary, as a type test 

(c) a reduced power-frequency test showing a reasonable 
margin over the system fault level, as a routine test. 


This procedure would leave the designer free to develop an 

insulation structure directly related to system requirements 

without possible anomalies dictated by arbitrary values. 
621.314.2 : 621,316.93 : 621.317.333.82 


Sensitivity control for new telephone set 


A short article based on an Electronics and Communications 
Section paper (2867) entitled ‘ Design of an automatic sensitivity 
control for a new subscriber’s telephone set’, by F. E. Williams, 
M.Sc(Eng.), and F. A. Wilson, Associate Members. The paper 
was published individually in March 1959 and will be republished 
in Part B of the Proceedings. The authors are at the Post Office 
Engineering Research Station. 


MAJOR problem confronting the telephone designer is the 

big difference in attenuation between the best and the 
worst calls. In the British Post Office telephone network, care 
has been taken, as the network has gradually evolved over 
the years, to plan the system so that no call should ever fall 
below a certain minimum standard of loudness; the fact that, 
by contrast, some calls over short connections can be very 
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much louder than this minimum has not hitherto been the 
cause of serious concern. 

This minimum standard corresponds in loudness to 6dB 
worse than a Im air path between talker and one listening 
ear in echo-free surroundings. Physically the standard is 
defined by the telephone circuit shown in Fig. 1, where each 


Telephone Telephone 
No. 162 50-voit 50-volt No. 162 
€ exchange 


exchange 3 
bridge bridge 
| peep, eye 
4500 200 | __270B loss 2000 4500 


= 
10tb/mile cable ) 2 10\b/mile cable 
mi 200 oon 














Subscriber's 600-ohm Subscriber's 
line junction line 


1 Post Office transmission standard 


local end consists of a Telephone No. 162 connected to the 
exchange by 10Ib/mile cable of 450-ohm loop resistance and 
where the 27dB attenuator between the two local exchanges 
represents the maximum total loss likely to be encountered 
in junctions and trunks, including switching and mismatch 
losses. 

If a set more efficient than the No. 162 is used, the local 
line limit can be increased accordingly, though it should be 
noted that an improvement in, say, sending efficiency cannot 





2 Telephone No. 706 





normally held with the carbon transmitter inclined at a more 
favourable angle (the efficiency of the immersed-electrode 


type of transmitter being critically dependent on orientation), q 


This new telephone set satisfactorily meets the requirements 
for the 1000-ohm local line, but subjective tests in the 
laboratory and with Post Office personnel in the field have 
confirmed that with two of these telephones connecteg 
together over a short line the loudness is excessive, It jg, 
in fact, 47dB louder than the minimum standard, and the 
subjective tests indicate it to be some 10dB louder than the N 
maximum desirable sensitivity, which is of the order of 314B 


relative to the metre air path; the existing 300 type gives ‘ 
slightly more loudness than the desirable maximum when he 
used on a very short connection. x 

Ci 


Reducing loudness on short lines 
What is clearly needed is a variable-loss device within the 
telephone set which will automatically introduce a total logs | 
of 10dB when the set is used on short lines but which wil cai 
leave the full sensitivity unimpaired on long lines. This has res 
been accomplished by means of a _line-current-operated m: 
regulator, employing biased selenium-rectifier elements in cir 
shunt across the transmitter and the induction coil. ‘Lo 
On very short lines the direct line current is of the order 
of 100mA, falling to about 30mA on a 1000-ohm line. It will El 
be seen in Fig. 3 that a metal-filament lamp R1 is connected 
in series with the transmitter; on short lines the filament 


















































be taken advantage of in this way unless an equal improve- glows, its resistance increases, and a direct current flows | 
ment in receiving is also provided. A further limit is set by through the rectifiers, which then present low-impedance ait 
the signalling requirements of the exchange apparatus, and shunt paths within the circuit. An important feature of the on 
a substantial raising of the transmission limit may also entail circuit is that sidetone, which tends to be severe on short 
modification of the exchange apparatus to permit signalling lines where the line impedance is far removed from the 
over the longer line. balance point, is greatly reduced by the presence of these 

With the 300-type telephone set—the most efficient at shunt paths. 
present in use in this country—the local line limit is some The over-all result is that the new set with regulator—the | 
660ohms of 641b/mile cable, and the need has now arisen, Telephone No. 706—gives as good a performance ona 
with the expansion of the network, for an even more sensitive 1000-ohm line as did its predecessor on the 660-ohm line; 
set which will enable the local line limit to be raised to on very short lines, however, the new set is slightly less 
1000 ohms. This entails a total increase 
in sensitivity over the 300-type set of 8dB, Coil, induction No. 31 7” 
made up of 4dB on sending and 4dB on SU00* —WOO —H00 -—__p-— inpu 
receiving. 315 turns 540 turns 900 turns 

In the 700-type telephone (Fig. 2), een = _ Out} 
which is a completely new instrument, X 
this increase has been obtained by a aus T pity = Deis 

were ; inset No.4 ] AAAA | Ry No 
combination of these improvements: Ro + . 
X 

1. A new design of receiver, of rocking- ‘= 1 
armature type, which is some 7dB more 150 vii. 
sensitive than the type 2P at present in use R 1 ss 

2. A redesigned induction-coil circuit ‘ Lt 
in which, instead of the power available 390 rs = 
from the transmitter being divided equally 1500 T tt ae 
between the line and the balance, appreci- 0-94F inset No. 13¢ ‘inhi 
ably more than half is sent to line (with 7 Fi 
an accompanying reduction in receiving ae " / inpu 
efficiency) i al , writ 

3. Anewmouthpiece in a more rounded p best 
style of handset, designed so that it is 3 Transmission circuit of Telephone No. 706 > alin 
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sensitive than the old, and its sidetone level is substantially 





jointly by engineers of the Post Office and of the telephone 








quieter. industry, and is a happy example of co-operation between 
This development is the result of teamwork, carried out a Government Department and industry. 621.395.61 : 621.395.665 
a . _ = ~~ 
Logical design in electronic circuits 
This brief article is based on a Graduate and Student Section Fig. 1(b) shows the logical symbol for an ‘or’ gate. The 
paper entitled ‘Some aspects of logical design in electronic symbol is similar to that for an ‘and’ gate, but here only one 
circuits’, by J. Houldsworth, Graduate. The paper was read input need be stimulated to produce an output pulse. 
before the East Midland Graduate and Student Section on the Fig. 1(c) shows the logical symbol for an ‘and’ gate with an 
2th October 1957, and it was awarded a Premium by the 
Council. The author is with Ericsson Telephones Ltd. ef ¢€¢§ ¢€ 4 
1 2 4 8 #16 32 
w an electronic machine many of the basic functions are a.) a. 
ed by a few standard circuit configurations which ' : &. yy 3 =43 
can be arranged, like ‘building blocks’, to produce any desired 2 The binary system 
result. A symbolic notation has been developed to allow 
manipulation of these blocks without reference to actual eh es te a Pili. 
circuits, and this is used to produce what is known as a inhibition input. The bar drawn across the inhibition input 
‘logical diagram’. denotes that, when a signal is absent from this lead, the gate 
is free to detect coincidence between the other inputs. 
Electronic gates 
Most of the logical operations within an electronic machine Logical design 
are performed by combinations of ‘gating’ circuits, which The application of the three basic types of gating circuit is 
either allow or prevent the passage of selected pulses in limited to systems which have only two significant states, 
one or more pulse trains. Many different gating-circuit represented by the presence or the absence of a pulse in a 
train of pulses, and the coding system 
Input 1 mp 8 input 1 for any calculating equipment must be 
adaptable to this form. 
Output oma NSE Output An illustration of the binary system, in 
which all numbers may be expressed as a 
monk 2 aoe A ent’ sum of ascending powers of two. is shown 
in Fig. 2, in which the decimal number 43 
is written in binary form, starting with 
the least significant digit. In this system 
Input 1 ~~ Input 1 Kaos * amma Input 1 O each digit can have only one of two 
a Se ae values, 1 and 0, which can be quite easily 
input 2 cues = mma Input 2 eae © oe Input 2 a SO ce represented by the presence or absence of 
a pulse. 
ss gsc | j —"s | j | | orga ; og Manipulation of binary numbers in 
Output 0 mathematical operations is best approached 
LJ L by considering powers of 2. For example, 
a b a the addition of two digits of the same 
1 Gating symbols power 1 x 2” will produce twice 2” or 2"*!, 
a ‘and’ gate _—ib ‘or’ gate c ‘and’ gate with inhibition input which means that both original digits are 


configurations can be used, but these can all be described 
under one of three general headings: the ‘and’, ‘or’ and 
‘inhibition’ types of gate. 

Fig. 1(a) shows the logical symbol for an ‘and’ gate. Each 
input is denoted by an arrow entering a circle, inside which is 
written the number of inputs, in this case two, which must all 
be stimulated to produce an output; the output is denoted by 
a line emerging from the circle. 
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deleted and a digit is added into the 
next higher space. 


Binary addition 

Fig. 3(a) extends the addition principle outlined above to 
one digit from each of three binary numbers x, y and z. Each 
of the three digits can have the value 1 or 0, so that altogether 
eight input combinations are possible. The result for each 
combination is set down as a sum and a carry digit, and the 
table so formed is used as the basis for logical design of a 
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binary adding circuit. The complete logical circuit shown in 
Fig. 3(b) can be used to add two binary numbers, x and y, 
and a third number z, which is formed by passing the carry 
output through a |-digit delay. 


Binary subtraction 


A true subtracting circuit is seldom employed in electronic 
computers, a more popular technique being to add the 
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3. Binary addition 


complement of the number to be subtracted to the number 
from which subtraction is to be made. 

The complement of a binary number is formed with regard 
to the capacity of the machine, which is assumed to be 
n digits. If a binary number is added to its own complement, 
the sum contains a ‘0’ for all terms up to and including the 
nth digit and a ‘1’ in the m + 1 space, which is outside the 
capacity of the machine and can be ignored. Similarly if any 
number y is added to the complement of a smaller number x, 
the machine is filled to capacity, and an overflow equal to 
y — x is recorded. 

Fig. 4 shows the binary complement of the decimal 
number 22, assuming the capacity of the machine to include 
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4 Binary subtraction 


the 28 digit. The complement of 22 is added to 62 in binary 
form to demonstrate subtraction by this method. 


Binary multiplication 
If each digit is considered separately as a power of 2. 
say 1 x 2”, the result of multiplying this by another power 
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GzwitixZ7.e8tx?. 
Fig. 5 the multiplicand starts at 2°, and multiplication 


In the example given jp 


throughout by | x 2? forms a replica of the multiplicang 
commencing in the 2?+° or 2? column; if the multiplier digit 
is 0 x 2, the result is zero. If each digit of the multiplier js 
used separately, it is clear that one of two results can be 
obtained: either zero or a replica of the multiplicand shifteq 
the correct number of places to the right. 
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5 Binary multiplication 


Binary division 

Division can be performed automatically by successive 
subtraction of the divisor from the dividend if a record is 
kept of the number of times the operation is performed. 

In binary division, without shifting the dividend, the 
divisor can be subtracted either once or not at all, and 
depending on the result the answer is either 1 or 0. After 
shifting the dividend one place to the right the divisor is 
subtracted again to determine the second quotient digit, and 
so on. It will be appreciated that, in the quotient formed, the 
most significant digit is on the left, and steps must be taken 
to identify the position of the binary point. 

If the divisor is shifted to the right and made greater than 
the dividend, the result of the first subtraction will clearly be 
zero, and the binary point will occur after the first digit 
recorded in the quotient; the quotient must be shifted by the 
same number of binary places to the left to produce the 
correct answer after division. 


Lay-out of a complete computer circuit 

Each basic arithmetical unit in an electronic computer is 
designed to operate on two numbers at a time, and complete 
computations must therefore be split into two-number 
sections. A common procedure is to hold all the number 
required for a given computation in a large storage unit, from 
which two numbers at a time can be selected for application 
to the arithmetical units. 

To prepare for a computation, two numbers are selected 
from the large storage unit by gating into rapid-access stores, 
using waveforms of one-number cycle duration. When both 
numbers have been transferred, digits of the same order art 


in synchronism; and in this form the outputs from both , 


stores may be gated simultaneously into the selected arith 
metical units. 

The output from the selected arithmetical unit may & 
transferred either back into some new arbitrary location in 
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the main store or into one of the rapid-access stores in 
preparation for further operations on the result. Numbers can 
be written into and erased from any desired location in the 
main store, or selected for display, by applying the correct 
gating waveforms. 


Programming 
For computations where many operations are performed, 
each problem must be examined and the quickest method 


of arriving at a solution adopted. In some cases the problem 
cannot be applied directly to a computer, and considerable 
rearrangement has to be carried out before the problem can 
be solved. 

When the procedure for a particular problem is known, 
the correct sequence of waveforms can be applied to the 
gating circuits within the computer; this sequence of opera- 
tions is what is known as the programme of the electronic 
computer. 621.318.572 ; 681.142 


SYNOPSES OF PAPERS 


rue following are synopses of papers published in the Proceedings which have not been read at Institution meetings and which have not been reviewed 
in the Journal. They are included here primarily for reference. The papers have not been published individually, as have those for reading at meetings, 


but reprints will be available shortly 


Frequency modulator with over-all 
negative feedback 


A synopsis of an Electronics and Communications Section 
paper (2946) entitled *A frequency modulator for broadcasting 
transmitters utilizing over-all negative feedback’, by E. L. C. 
White, M.A., Ph.D., Member. The paper will be published in 
Part B of the Proceedings. The author is with E.M.1I. 
Electronics Ltd. 


HE features of existing frequency-modulation techniques 

are reviewed and compared with those of the feedback 
method. A practical embodiment of the latter is described 
and is considered in some detail. 

It has very few controls requiring adjustment to secure good 
performance, either on installation or after valve replacements, 
and should be particularly suited for use in unattended 
transmitters. 

The output of the modulator is monitored by a linear 
demodulator whose a.f. output is applied to the modulator 
as negative feedback. It is thus possible to generate the f.m. 
signal directly at the desired carrier frequency, at least for the 
v.h.f. band IT. 621.376.3 : 621.396.61 


Dynamic braking of 3-phase 
motors by capacitors 


A synopsis of a Utilization Section paper (2865) with the 
above title, by Prof. T. V. Sreenivasan, B.E., M.Sc.Tech. The 
paper is published this month in Part A of the Proceedings. 
The author is assistant professor at the Indian Institute of 
Technology, Kharagpur, India. 


HENa Series capacitor is introduced in one of the supply 
lines of a 3-phase induction motor working in normal 
load conditions, the torque developed by the motor is con- 
siderably reduced. If the speed falls below a certain value, 
the machine develops braking torque and decelerates to 
standstill and may even run in the opposite direction. This 
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aspect was touched upon in a previous paper and is now 
investigated further, both theoretically and experimentally. 
Applying the method of symmetrical components, the 
current and torque equations are obtained for the machine 
during the braking period. It is suggested that the driving 
torque developed by the machine at high speeds, even with 
the introduction of the series capacitor, can be avoided either 
by working the machine as a self-excited induction generator 
or by introducing a suitable series reactor in another supply 
line. These methods of dynamic braking are compared with 
the conventional plugging method. 621.313.333 : 621.316.719 


Sample movement in fault 
detection using eddy currents 


A synopsis of a Measurement and Control Section paper (2945) 
entitled ‘The effect of sample movement in fault detection using 
eddy currents’, by P. Graneau, B.Sc(Eng.), Associate Member. 
The paper will be published in Part B of the Proceedings. The 
author is with British Insulated Callender’s Cables Ltd. 


| sceptics methods of non-destructive testing applied 
to travelling metal objects on production lines show two 
advantages over other techniques, namely the comparative 
ease with which an instrument can be coupled to test objects 
and the high speed of response, making possible the fast 
scanning rates which are required with rapid manufacturing 
processes. 

Recent experience has shown that relative motion between 
test object and measuring head gives results which differ 
from those of a static system and may severely limit per- 
missible scanning rates. The author calls attention to dynami- 
cally induced currents as causing the speed effect experienced 
in eddy-current testing. 

The theoretical arguments advanced have been used to 
evolve three methods of overcoming the speed effect: by a 
mutual-inductance bridge (a method used for wire testing 
at speeds of up to 5000ft/min); by phase suppression; and by 
pulse-length discrimination. 620.1.08 : 621.317.432 
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PAPERS AND MONOGRAPHS 
published individually this month 





Papers accepted for reading at meetings, and monographs, are first 
published individually and are republished later in the Proceedings; as 
soon as the separates are available they are described in this feature. 
The papers are supplied free of charge; the price of a monograph is 2s. 

In addition, reprints of papers read at meetings, including the discus- 
sions thereon, and of papers not read at meetings, become available, 
price 2s., within two months of their appearance in the Proceedings. 

Applications, quoting the serial number of the paper, monograph or 
reprint, as well as the author’s name, and accompanied by a remittance 
where appropriate, should be addressed to the Secretary. For conve- 
nience, books of five vouchers for this purpose can be obtained in 
advance, price 10s. 

Those who obtain a copy of a paper published individually are 
urged—if they do not take the Part of the Proceedings in which it will 
be republished—to apply in due course for a reprint, as this is the final 
and correct version and includes the discussion. 


PAPERS 


Analogue electronic multiplier using transistors as square-wave 
modulators Paper 2962 Mm: Part B 


J. GLEGHORN, B.SC.(ENG.) 


THE need for a relatively high-speed analogue multiplier is discussed, 
and the types of multiplier likely to meet this need at reasonable cost 
are investigated. It is concluded that the modulated square-wave 
type of multiplier using transistor modulators will be most suitable. 

The extension of the scope of the multiplier to operate with inputs 
of either sign is considered. The causes of the various errors in the 
multiplier are examined, and an over-all accuracy of within +2% 
is quoted. An explanation is given of the method used to ensure a 
good frequency response, and the transfer function of various parts 
of the circuit is analysed. The experimental results are similar in 
amplitude to a transfer of 1/(1 + 5 x 10~4jw), although the phase 
shift is considerably better than this. 

A number of circuits used to protect the transistors against 
damaging conditions are described. Special attention is paid to a 
separate transistor circuit which disconnects all the power supplies 
in the event of an irregularity in any one of them. 


New method for observing the phenomena of commutation 
Paper 2955 M: Part A 


H. J. H. SKETCH, B.SC.(ENG.), P. A. SHAW, B.SC.(ENG.), and R. J. K. 
SPLATT 


THE authors present a new method for measuring the armature coil 
current in a d.c. machine as it reverses during commutation. A 
small search coil, fixed in relation to the armature, is magnetically 
coupled to one of the armature coils. The e.m.f. induced in the 
search coil, which is proportional to the rate of change of armature 
coil current, is integrated to give a signal proportional to the 
current itself; and this is displayed on the screen of a cathode-ray 
tube. The technique overcomes several of the difficulties associated 
with the use of a shunt for measuring armature coil current during 
commutation. 

A means is described for triggering the oscillograph time-base 
which permits examination of the current reversals as they occur 
in a number of consecutive revolutions of the machine. 

Oscillograms show the armature coil current during commutation 
in a particular aircraft generator, and the cause of poor commuta- 
tion in this machine is deduced. 
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MONOGRAPHS 


Rise of flux in solid iron core due to impact excitation 
336U 

N. KESAVAMURTHY, M.A., B.E., M.SC.TECH., and P. K. RAJAGOPALAN, 
B.E., M.S. 


Monograph 


IN designing machines and apparatus with solid magnetic Circuits, 
flux/time curves have often to be predetermined to secure a desired 
rapidity of response. Their prediction has hitherto been uncertain, 
especially in the presence of saturation. 

An attempt is made to derive the equations for the rise of flu 
and current on the basis of a limiting non-linear theory. This 
results in an original treatment and gives a greater insight into the 
physical phenomena involved in the magnetization of a core due to 
impact excitation. The results obtained from the equations compare 
favourably with experiment. 


Guide to the practical application of Chebyshev functions to the 
design of microwave components Monograph 337 £ 


R. LEVY, M.A. 


THE properties of Chebyshev functions and their application to the 
design of several types of microwave component are described. 

Formulas giving the broadest possible bandwidth in a given 
physical length are derived for stepped transformers, stepped twists 
and multi-element directional couplers. These formulas are intended 
for practical application by the microwave engineer to the design of 
actual components, and it is suggested that they be used rather than 
the conventional ‘binomial’ formulas, which do not give the 
optimum or simplest design. Microwave band-pass filters with 
Chebyshev equal-ripple characteristics are discussed. 


Electric field near bundle conductors Monograph 338 s 
S.-Y. KING, B.SC.(ENG.), PH.D. 


THE electric field surrounding bundle conductors can be determined 
by replacing each conductor of the bundle by one of negligible 
radius, displaced slightly from the centre of the original conductor. 
This is based on the fact that equipotential surfaces near such a thin 
conductor are nearly cylindrical, so that an actual conductor may 
be placed so as to take up the position of one of the equipotentials. 
The accuracy of the method depends on the ratio D/d between the 
diameter of the bundle circle and that of each conductor; the 
greater the ratio the more accurate is the method. 

With the ratios usually found in high-voltage transmission lines, 


the deviation of the equipotential surface from a true cylinderis | 


small, and it can be arranged that the deviation is zero at the point 
of maximum surface gradient. Maximum deviation from the 
surface of a cylinder occurs somewhere between points of maximum 
and minimum gradient. For example, with a bundle of two com 
ductors and D/d = 10, this maximum deviation does not exceed 
0:5%; with D/d = 20 it is about 0-1 %. 

The analysis deals with single-phase lines with a bundle of two, 
three or four conductors, but it can be extended to cover aly 
number of conductors in a bundle. For 3-phase lines the resultant 


field can be found by the principle of superposition when the fields 


due to the other two phases are taken into consideration. 


Formulas giving the potential gradient at any point on a Cok © 
ductor surface are developed and compared with those given by 


Cahen. The method is checked by experimental field mapping 
using a circular double-layer electrolytic tank. 
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Order of complexity of electrical networks Monograph 335 © 
p. R. BRYANT, M.A., M.SC. 


que natural frequencies of an electrical network are defined, and the 
number of these natural frequencies is called the order of complexity 
of the network. RLC networks are considered, and the order of 
complexity ¢ is shown to be given by: 
o=B,+N+S— Sc — Scr 

Here By is the number of inductors in the network; N is the 
number of nodes; and S, Sc and Scr are the connectivities, i.e. the 
number of separate parts of, respectively, the given network and 
those sub-networks formed of the capacitors only and of the 
capacitors and resistors only. Other expressions for o are derived. 

This order of complexity represents the number of arbitrary 
integration constants in the complete solution of the network 
equations and the number of dynamically independent network 
variables. Complete sets of such dynamically independent variables 
are obtained by a process of elimination from the network equa- 
tions. A particular type of con:plete set is classified topologically. 
Such sets are made up of voltages across capacitors, forming a 
forest of the capacitor-only network obtained by open-circuiting 
all the resistors and inductors, together with the currents through 
inductors, forming a set of chords of the inductor-only network 
obtained by short-circuiting all the capacitors and resistors. 


Eddy currents in solid iron due to alternating magnetic flux Mono- 
graph 339 U 

N. KESAVAMURTHY, M.A., B.E., M.SC.TECH., and P, K. RAJAGOPALAN, 
BE., M.S. 

THE predetermination of the phenomena connected with the penetra- 
tion of alternating flux into solid iron from an alternating magnetic 


field is a problem of great complexity. The prediction is particularly 
difficult in the presence of saturation. 

The object of the paper is to present a unique graphical con- 
struction which would enable the designer readily to compute 
quantities such as flux, eddy-current loss, etc. This single con- 
struction has the merit of suitability for determining the above 
quantities for any magnetic material over any desired range of 
frequency. 

A close examination of the geometry of the graphical construction 
leads to a new method of formulating the basic equations. This 
method of approach brings out the importance of the law of 
variation of the field intensity with the depth of penetration of the 
flux for the determination of all other relevant quantities associated 
with the phenomena. On the ground of the basic differential 
equations, an empirical law for the field intensity is suggested, 
taking saturation into account. This law is shown to agree favourably 
with the results of the graphical construction. 

The analysis is applied to two different magnetic materials and 
is verified experimentally. 


The Editor regrets that Monograph 333 was wrongly recorded in the 
May 1959 issue of the Journal. The correct title and synopsis are 
published below. 


Calculation of the magnetic field of rotating machines—Part 1 
Monograph 333 

P. HAMMOND, M.A. 

AN Outline is given of a method for calculating the magnetic field 
of rotating machines. As a first stage in this work, the field of a 


tubular current has been calculated, and curves are given for a 
particular example of such a current. 





SIR STANLEY ANGWIN 


Col. Sir Arthur Stanley Angwin, K.C.M.G., K.B.E., D.S.O., M.C., T.D., 
D.sc.(ENG.), Honorary Member, Faraday Medallist, and Past- 
President of The Institution, who died on the 21st April 1959, was 
born in Cornwall on the 11th December 1883. He was educated at 
St. John’s School, Chatham, and at East London College, now 
Queen Mary College. After being a pupil with Yarrow and Co., 
engineers and shipbuilders, he joined the Post Office Engineering 
Department in 1906 as an assistant engineer. 

He was stationed at Glasgow during the early years of his Post 
Office career. There he gained field experience which must have 
proved useful to him later on and also raised the Lowland Division 
Telegraph Company of the Territorial Army, recruited almost 
entirely from Post Office staff. The unit was mobilized in 1914 and 
formed into the 52nd Divisional Signal Company. He served 
through the war with the unit in Gallipoli, Egypt, Palestine and 
France and was awarded the Distinguished Service Order and the 
Military Cross. 

On his return to the Post Office after the war, his work in con- 
nection with the construction of the Rugby radio station gave full 
opportunity for the use of his mechanical and civil engineering 
knowledge. It is fair to say that, during the years between the First 
and Second World Wars, this led to Angwin’s becoming primarily 
a radio engineer. The knowledge and experience which he acquired 
in this field were fully recognized later on. He was a member in 
1934 of the Television Committee, which made the initial recom- 
mendation for a system of high-definition television. He was 
chairman of the Radio Research Board from 1947 to 1952. 

He became Engineer-in-Chief of the Post Office three months 
before the outbreak of the Second World War. No one else has 
been called to hold this office in quite such difficult times. In this 
Position he was responsible for maintaining Post Office communica- 
tions throughout the period of bombing. In addition, his wide 
knowledge of military requirements enabled him to be of exceptional 
assistance to the Fighting Services. He knew the kind of equipment 
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and the kind of engineers the Services wanted; and he helped them 
to find both. 

During the years when he had a major part in guiding technical 
development within the Post Office, many significant developments 
took place. Telephone services with oversea countries were improved 
by the development of the short-wave radio services. On the inland 
side, the coaxial-cable system was introduced as the normal method 
of providing large groups of trunk circuits. But he not only contri- 
buted to technical development. As Engineer-in-Chief he was also 
an Assistant Director General and, as such, played an important 
part in shaping Post Office policies. 

Angwin attended many international telecommunication con- 
ferences as a British delegate. He accompanied Lord Reith on a 
world tour of 44000 miles early in 1945. They discussed with 
Commonwealth Governments proposals which led to Cable and 
Wireless becoming a Government-owned company. 

On leaving the Post Office in 1946, he became the first chairman 
of Cable and Wireless in its new role. He was successful in the 
difficult task of merging a private-enterprise concern into a 
Government-owned organization; he was equally successful when, 
in 1951, he left the company to become chairman of the Common- 
wealth Telecommunications Board. His final retirement was from 
the Board in 1956. 

He was knighted in 1941 and was appointed Knight Commander 
of the Order of the British Empire in 1945 for his war services and 
Knight Commander of the Order of St. Michael and St. George 
in 1957 for his services to international telecommunication. 

For some years he was a member of the Board of Engineering 
Studies at the University of London and in 1946 was honoured by 
being made a Fellow of Queen Mary College. 

His colleagues and his staff will always remember him with 
affection. While unsparing of himself, he was always most con- 
siderate to those who worked for him, to whom he was an 
inspiration. His counsel and his wisdom have helped many of them. 
He is survived by his widow, three sons and a daughter. 
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He joined The Institution as an Associate Member in 1910 and 
was elected a Member in 1922 and an Honorary Member in 1956. 
He served as a member of Council from 1937 until his death, being 
a vice-president from 1939 to 1942 and President in 1943-44. He 
was awarded the Faraday Medal in 1953 in recognition of his 
outstanding contributions to the development of national and 
international telecommunication. 

He was chairman of the Wireless Section in 1931-32; chairman 
of the Committee for Radio Equipment for Civil Aircraft from 
1947 to 1956; and chairman of the Radio Interference Committee 
from 1949 to 1956. He served on the Oversea Activities Committee 
from 1946 to 1957 and was a member of the Court of Governors of 
the Incorporated Benevolent Fund from 1950 to 1953. He was 
awarded the Fahie Premium jointly with R. A. Mack for their 
paper entitled ‘Modern systems of multichannel telephony on 
cables’, which was published in the Journal in 1937. His two 
progress reviews on ‘Radio telegraphy and radio telephony’ were 
published in the Journal in 1932 and 1935 respectively. He was a 
member of Council of The Institution of Civil Engineers. 

W. G. R. 


A memorial service for Sir Stanley was held in the Queen’s 
Chapel of the Savoy on the 14th May 1959 and was attended by a 
congregation of some 300 members and friends. Among those 
present were Lady Angwin and other members of the family, the 
President, the Commonwealth Telecommunications Board, and 
senior members of the Post Office and Cable and Wireless Ltd. 
The service was conducted by the Chaplain to the Council, the 
Rev. C. L. Cresswell, K.c.v.0., M.A. The lesson was read by 
Lord Reith; and an address was given by Sir Gordon Radley, 
Past-President, Director General of the Post Office, who spoke of 
Sir Stanley as an engineer, his friendliness of character, his integrity 
and his many other qualities. 


JOSEPH BOYCE 


Joseph Boyce, who was born on the 10th August 1876, died on the 
22nd November 1958, having been ill for some time. He was 
educated at Oldham Technical School and apprenticed for six 
years to Charlesworth Hall and Co., Oldham. 

In 1895 he became an assistant to G. St. John Day, Oldham, 
installing and repairing electric lighting and motors. Three years 
later he became assistant to G. L. Anderson, doing general textile 
work, before going into practice privately wiring buildings in 
various parts of the Midlands. 

In 1900 he joined Darwen Corporation as assistant and deputy 
engineer and was in charge of extensions to works, the change- 
over from d.c. to a.c. generation, and equipping cotton mills anda 
colliery. In 1913 he transferred to Todmorden Corporation to 
become chief engineer, where he remained for six years before 
becoming chief engineer with Morecambe Corporation. In 1928 he 
joined Cleethorpes Corporation, but four years later he resigned 
and went into private practice for a number of years until he 
retired. 

Boyce was respected and liked everywhere, and his employees 
knew him to be fair and just, with endless patience. He was forth- 
right and a man of few words, with a strong dislike of social life 
and always absorbed in whatever he was doing. His chief interest 
was in keeping abreast of scientific progress; and he was not 
interested in sport, though in his youth he had been deft with the 
foils. His chief joy was reading, with recreation from photography, 
chess and crosswords. In later years he became deeply interested in 
philosophy. He is survived by his only son, his wife having died 
in 1956. 

He joined The Institution as an Associate in 1903 and was 
elected an Associate Member in 1905 and a Member in 1927. E. B. 


RICHARD HOUGH GARNER 


Richard Hough Garner, M.SC.TECH., who was born on the 25th 
February 1895, died suddenly in September 1958 in the Royal 
Homoeopathic Hospital, London. He was educated at Manchester 
Central High School, Manchester College of Technology and 
Manchester University, where he was awarded the M.Sc.Tech. 
degree. 

Following a two-year apprenticeship with the British Westing- 
house Electrical and Manufacturing Co., Manchester, he remained 
with the company until July 1918, first as a transformer and 
switchgear tester and later carrying out research into the properties 
of insulating materials. 

He joined H.M. Signal School of the Admiralty, Portsmouth, in 
1918, where he was engaged in drawing up the complete radio- 


communication fitting-out specifications for all types of warships 
and became an expert in the design of communication aerials, He 
was appointed a technical officer in 1924 and remained with the 
Admiralty until his death, when he was a principal scientific officer 
at the Admiralty Signal and Radar Establishment. He took over 
some of the work of the late Mr. Bainbridge-Bell when the latter 
retired from A.S.R.E., particularly as regards circuit symbols 
standardization and libraries. . 

Except during the Second World War, when the Admiralty 
establishment moved to Haslemere, the last 40 years of his life were 
spent in Portsmouth. He played the piano and ’cello and was a 
vice-president of the Portsmouth Philharmonic Orchestra. He was 
also greatly interested in languages and was a past-president of the 
Portsmouth Linguist Society. He is survived by his widow ang 
two daughters. 

He joined The Institution as a Student in 1916 and was elected 
a Graduate in 1922, an Associate Member in 1933 and a Member 
in 1935, T. H. B, 


HENLEY LIONEL HOWARD 


Henley Lionel Howard died on the 5th January 1959, at the age 
of 83. He received his electrical engineering education part-time at 
King’s College and the Polytechnic School of Engineering while 
serving a four-year apprenticeship with S. Z. de Ferranti and Co, 

In 1894 he joined the testing department of the City of London 
Electric Light Corporation. From 1896 to 1898 he was concerned 
with contracts for the British Insulated Wire Co. Ltd. at Harrogate, 
Manchester and elsewhere and then served for six years in the 
electricity departments of the Leicester and Manchester Corpora- 
tions. In 1905 he became chief engineer and manager to the Barking 
Urban District Council, which post he relinquished in 1910 to 
become London manager of the M.A.N. Co. of Germany. 

The outbreak of the 1914-18 War virtually closed this business, 
and Howard became, for over 14 years, manager of the central 
stations department of The General Electric Co. In 1930 he was 
appointed general manager of the company’s subsidiary, Electric 
Development and Securities Trust, and continued in this post until 
the trust and its subsidiary supply companies were vested in the 
Central Electricity Authority and Area Boards in 1948. 

Howard was a very approachable man and will be so remembered 
by a wide circle of friends, many of whom, including members of 
his staff, will be able to recollect many unsolicited kindnesses. For 
many years he was a member of the Batti-Wallahs Society, being 
president in 1920, and was a prominent Freemason. 

He joined The Institution as an Associate in 1897 and was 
elected an Associate Member in 1903 and a Member in 1910. 

M. D. S./J. L.O. 


JOHN OSCAR INCE 


John Oscar Ince, who died at his home at Curdridge, Hants, on 
the 27th December 1958, was born at Swansea on the 10th January 
1874. He was educated at University College School and was 
apprenticed to J. and H. Gwynne Ltd., London. Later, it was 
decided that he should enter his father’s profession, and in 1899 he 
qualified as a solicitor, in due course becoming a partner in the 
London firm of Ince, Colt, Ince and Roscoe. He retired from 
practice in 1940. 

His early enthusiasm for engineering continued throughout his 
life and doubtless gave added zest and interest to his long and 
valued association with Faraday House Engineering College (of 
which his father, the late Francis Ince, was one of the founders). 
He became a governor in 1918 and continued in that capacity until 
his death—a period of over 40 years. He retired from the chairman- 
ship last year when the board was reconstituted. 

Another of his special interests was the City Rifle Club, of which 
he was a founder-member and for many years the honorary 
secretary. His personal skill as a marksman was evidenced by 
various trophies secured as a member of teams representing the 
H.A.C. and the Baltic, etc. His other recreations included fishing, 
wood-turning and photography. 

John Ince’s many fine qualities included a remarkable memory, 
a painstaking care for detail, and a quiet and unassuming manner, 
which sometimes masked the resolution and strength of purpose 
which lay behind. He will be greatly missed by those who were 
privileged to be his friends. 

He is survived by two sons, one of whom was trained at Faraday 
House and now continues the family association with the college 
by serving on the new board of governors. 

He joined The Institution as an Associate in 1916 and was 
elected a Companion in 1929. F. A. B. 
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JOHN ALEXANDER McKINNEY 
John Alexander McKinney, who died on the 19th August 1958 in 
sydney, Australia, was born on the 16th December 1890. He was 
educated at Stoneleigh Private School, Cockermouth, Cumberland, 
followed by practical training with various engineering firms while 
studying part-time at Liverpool Technical College and Manchester 
School of Technology.  —_ 

in 1911 he became a junior assistant engineer with Cleveland 
and Durham Electric Power Co., Middlesbrough; in 1913 a shift 
engineer with Kent Electric Power Co., Chatham; and in 1918 
assistant engineer with London Electric Supply Corporation. 

He joined Shanghai Municipal Electricity Department in 1920 
asa senior charge engineer and was appointed assistant consumers’ 
engineer in 1926. In 1929, along with the rest of the staff, he trans- 
ferred his services to the newly formed Shanghai Power Co., 
following the purchase of the undertaking by the American and 
Foreign Power Co. of New York. Later he was appointed con- 
sumers’ engineer of the company, which at that time had about 
120000 consumers and a very big industrial load, chiefly to the 
Japanese cotton mills in Shanghai. 

After the outbreak of the war with Japan, he was interned by 
the Japanese in Shanghai and remained in the internment camp 
until August 1945 when the war ended. Then began the rehabilita- 
tion of the system, neglected by the Japanese during their occupa- 
tion, and to this problem was added an equally serious one of an 
acute shortage of fuel, necessitating strict rationing of power to all 
consumers, which placed a heavy burden on his department. This 
difficult situation he met with outstanding ability and success. 

Never a strong man physically, as he had been a chronic asthma 
sufferer for many years, the effect of his long internment told on 
him considerably. In 1948 he retired to Australia, where his widow 
and married stepdaughter remain. 

Greatly liked for his friendly personality and quiet humour, he 
was affectionately known as ‘Mac’ to all his friends. Apart from 
his work, his main interests in life were travel and photography. 
He had visited most countries of the world, and his photographs 
of the Yangtze gorges were highly regarded, even by experts. 

He joined The Institution as an Associate Member in 1919 and 
was elected a Member in 1942. He served on the China Local 
Centre Committee from 1933 to 1939 and from 1946 to 1950, 
being chairman from 1946 to 1950, and was honorary secretary of 
the Committee from 1938 to 1943. G. E. 


HARRY JOEL MULLENEUX 


Harry Joel Mulleneux, 0.B.£., J.P., who died on the 6th November 
1958, was born at Bangalore on the 7th March 1889. He was 
educated at St. Joseph’s College, Bangalore, and passed the City 
and Guilds examination in electrical engineering in 1910. He 
received practical training in the U.S.A. and the U.K. for three 
years and was an indentured apprentice with the Bombay Electric 
Supply and Tramways Co. 

He was appointed a shift engineer with the company in 1910 
and subsequently rose to be maintenance engineer for the company’s 
substations and assistant substations superintendent. He joined the 
Great Indian Peninsular Railway in 1914 and became an assistant 
electrical engineer in 1919. In 1923 he was appointed liaison officer 
on the Bombay suburban and harbour branch electrification 
scheme. In 1932 he was transferred to the Railway Board as 
wireless officer and supervisor of the state railway radio chain. 
He returned to the G.I.P. railway as deputy to the chief electrical 
engineer and was appointed chief electrical engineer in 1937. 

He was specially known for his inventive brain, and during his 
lifetime he prepared many electrical equipments. 

Mulleneux joined The Institution as an Associate Member in 
1930 and was elected a Member in 1946. a: &. 3. 


JOHN BRIDIE MAVOR 


John Bridie Mavor, LL.D., who was born on the 23rd July 1889, 
died after a prolonged illness on the 30th January 1959. He was 
the son of H. A. Mavor, the founder of Mavor and Coulson Ltd., 
and the brother of ‘James Bridie’, the dramatist. 

He was educated at Glasgow Academy and received his technical 
education part-time at the Royal Technical College, Glasgow. He 
served apprenticeships with Fairfield Shipbuilding and Engineering 
Co., Drysdale and Co. Ltd., and the Caledonian Railway. He 
joined the family company in 1911, being successively designer, 
director, managing director and chairman. He became the first 
chairman of the firm’s subsidiary, M. and C. Switchgear Ltd., 
and director of Mavor and Coulson (South Africa) Ltd. 

In the 1914-18 War he served in the S5ist Division in the Royal 
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Engineers, attaining the rank of major. In the Second World War 
he was chairman of the Emergency Services Organization for the 
West of Scotland. 

He was twice assessor to rectors of Glasgow University and was 
a governor of Glasgow Academy, of the Royal College of Science 
and Technology and of the Anderston College of Medicine. In 
recognition of his services to education and industry, he was 
awarded an honorary doctorate of laws by Glasgow University 
in 1956. 

He was also a past-president of the North-West Engineering 
Trades Employers’ Association and of the Glasgow and West of 
Scotland Section of the Institute of Industrial Supervisors, a 
director of the Glasgow Chamber of Commerce anda past-chairman 
of the North British Locomotive Co. Ltd. 

His energy appeared unbounded. He would drive himself but 
would lead others; and he was full of ideas, although a great 
listener. He was a good mixer in any company and was known by 
his employees as ‘Mr. Jack’ or just ‘J. B.’, but rarely Mr. Mavor. 
Friendship with him quickly led to affection for him. His death 
created a sense of loss to a wide circle. He is survived by his widow, 
two sons and a daughter. 

He joined The Institution as an Associate Member in 1919 and 
was elected a Member in 1926. He was also a Member of The 
Institution of Mechanical Engineers and of the Institution of 
Engineers and Shipbuilders in Scotland. F. B. R. 


HUGH PATERSON 


Hugh Paterson, who died at Newcastle upon Tyne on the 2nd 
January 1959 in his 79th year, was born at Airdrie. He was educated 
at Allan Glen’s School, Glasgow, and thereafter joined Mavor and 
Coulson as an apprentice, studying part-time at Glasgow and West 
Scotland Technical Coliege. He then joined Mather and Platt for 
further training and attended the Manchester School of Technology. 

In 1902 he transferred to the British Westinghouse Co. Soon 
after the company became Metropolitan-Vickers Electrical Co. 
Ltd., he was appointed Newcastle district manager in 1920, which 
position he held until his retirement in 1947. He was also a director 
of Metropolitan-Vickers Supplies Co. 

Paterson enjoyed great popularity; he possessed a natural charm 
and an infectious sense of humour. His two main interests were his 
family and his service to his company, and he was devoted to both. 
These apart, his spare time was applied to golf, of which he was a 
class exponent. His service to the administrative side of the game 
resulted in his election, in 1933, as president of the English Golf 
Union. He is survived by his widow, a son and two daughters. 

He joined The Institution as an Associate Member in 1918 and 
was elected a Member in 1927. He served on the North-Eastern 
Centre Committee from 1925 to 1933, being vice-chairman from 
1925 to 1927 and chairman in 1927-28. c. BR. 


PERCIVAL HERBERT POWELL 


Prof. Percival Herbert Powell, M.ENG., M.sc., who died in Christ- 
church, New Zealand, on the 18th December 1958, was born in 
Liverpool on the 13th July 1882. He was educated at Liverpool 
College and the University of Liverpool and obtained the M.Eng. 
degree of Liverpool University and the M.Sc. degree of the Victoria 
University of Manchester. He was elected David Rew electro- 
technical research scholar of Victoria University in 1901 and was 
awarded the first research fellowship in engineering of Victoria 
University in 1902. 

As a result of his research in collaboration with Prof. Hele-Shaw 
and Dr. Alfred Hay, his paper entitled ‘Hydro-dynamical and 
electromagnetic investigations regarding the magnetic flux distribu- 
tion in toothed core armatures’ was published in the Journal in 
1905 and was awarded the Paris Exhibition Premium. He was then 
with Siemens Bros., Stafford, for a short period. 

He was appointed lecturer and demonstrator in electrical engi- 
neering at Canterbury University College, New Zealand, in 1905 
and, on the retirement of Prof. Scott at the end of 1922, was 
appointed to the newly created chair of electrical engineering in 
1923 and later was dean of the faculty of engineering for a con- 
siderable period. He retired from the university in 1946. 

He was a keen and capable rifle shot. 

He is survived by his widow and a son. 

He joined The Institution as a Student in 1902 and was elected 
an Associate Member in 1907 and a Member in 1912. His paper 
entitled ‘The air-gap correction coefficient’ was published in the 
Journal in 1908. He was also a member of the American Institute 
of Electrical Engineers and of the New Zealand Institution 
of Engineers. 5. C.F. 
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TECHNICAL PUBLICATIONS 





FURTHER information and copies of the publications can be obtained 
from the organizations concerned, except where otherwise stated. 


BRITISH ELECTRICAL AND ALLIED INDUSTRIES 
RESEARCH ASSOCIATION 


T/469 Annual Report 


THE 38th Annual Report of the Association, for the year ended the 
31st December 1958, has recently been published. It contains a full 
account of the research carried out and a list of the technical 
reports issued. The report of the Council describes the Association’s 
activities during the year; the composition of the various com- 
mittees and panels is given. 


Report D/T104 Combustible industrial gases—possibilities of 
ignition by particles of light alloys heated by arcing or by frictional 
impact. An appraisal of published information by W. B. Whitney. 
12s. 6d. (postage 6d.) 


THE author reviews available published information on the incen- 
divity of sparks from light alloys in combustible atmospheres met 
with in industry. Experiments involving sparks produced by the 
blowing of fuse wires and by frictional impact between light alloys 
and steel are briefly summarized. 


Report D/T107 Intrinsically safe electrical apparatus. Relation of 
igniting current to inductance for a mixture of isohexane with air by 
E. R. Wooding and F. Shaw. 6s. (postage 6d.) 


AN account of the determination of the relative ease of ignition, 
by the sparks produced when an inductive circuit is broken, of 
isohexane vapour. 


Report L/T365 Ultra-high-frequency gas breakdown between 
Rogowski electrodes by W. A. Prowse and J. L. Clark. 18s. 
(postage 7d.) 

MEASUREMENTS Of breakdown stress have been made at frequencies 
of 9-5 and 5-5Mc/s, over a range of pressures, for hydrogen, 
nitrogen, air and neon. Properly profiled Rogowski electrodes of 
four different diameters were used, and the gap was irradiated to 
reduce statistical lags. 


Report L/T369 Analysis of the I.E.C. and A.I.E.E. sphere-gap 
voltage measurement standards by A. Morris Thomas. 10s. 6d. 
(postage 6d.) 

SPHERE-GAP voltage measurement standards are very briefly 
discussed, with special reference to the existing British and U.S. 
calibrations and the work of the I.E.C. committee. A new formula 
is described which permits a straight-line extrapolation of the 
sphere-gap sparkover voltages to uniform-field sparkover voltages. 


BRITISH STANDARDS INSTITUTION 


B.S. 350: Part 1: 1959 Conversion factors and tables. Part 1—Basis 
of tables; conversion factors. 15s. 


THIs is the first part of a revision of 5.S. 350, which when completed 
will cover, broadly, units, their abbreviations, conversion factors 
and detailed conversion tables for subjects grouped under the 
general headings of metrology, mechanics and heat. Part | includes 
basic information on units and tables of conversion factors, with 
an appendix on sheet and wire dimensions. A provisional list of 
tables to be contained in Part 2 is given. 


B.S. 3101: 1959 Intrinsically-safe remote-control circuits associated 
with restrained plugs and sockets for use in coal mines 3s. 


THE circuits are required to be intrinsically safe in accordance with 
B.S. 1259 ‘Intrinsically-safe electrical apparatus and circuits’. The 
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Standard does not yet apply to control circuits incorporated ip 
apparatus intended to supply hand-held drilling machines where 
the alternating voltage is less than 125. 


INSTITUTION OF MECHANICAL ENGINEERS 


Journal of mechanical engineering science published quarterly. 
Yearly subscription £3 to non-members of The Institution of 
Mechanical Engineers, single copies £1 each. As there will be only 
three issues during 1959, the subscription rate for the first year 
is £2 5s. 
THE first number of the Journal of mechanical engineering science 
was published early in June 1959. Its object is to permit effective 
reporting of contributions of a specialized and scientific nature 
prepared by authors engaged in fundamental research in the field 
of mechanical engineering. 

The Journal of mechanical engineering science is obtainable from 
The Institution of Mechanical Engineers, 1 Birdcage Walk, London 
S.W.1. 


NATIONAL ACADEMY OF SCIENCES 
NATIONAL RESEARCH COUNCIL 


Publication 599 Digest of literature on dielectrics—Vol. 21 
Washington, D.C., 1958. £2* 


THE 1958 volume includes a new chapter with a general trend 
towards the reporting of applied research. The work is divided 
into three parts: Instrumentation and measurements; General and 
theoretical; and Insulation. Each part contains chapters by experts 
in the different fields within these categories. 


ORGANISATION FOR EUROPEAN ECONOMIC 
CO-OPERATION 


Eleventh survey of electric power equipment Paris, 1958. n.p. 


THE review combines the results of two O.E.E.C. studies concerning 
equipment used in the electricity supply industry. The first part, 
dealing with the first investigation, covers plant development in the 
industry; the second part covers heavy equipment for power 
stations. The survey shows the situation on the Ist January 1958 
and indicates probable trends up to 1961. 


Trend of the selling price of electricity and its relation to the 
financing of new plant. Paris, 1958. n.p. 


IN 1953 a group of experts made a survey of electricity prices up 
to 1952 in O.E.E.C. countries and considered their possible effect 
on investment. The present report brings the basic information 
more up to date, i.e. up to 1956, and discusses the financial situation 
of the electricity industry in seven selected O.E.E.C. countries and 
in the United States. Documentary data are tabled in an appendix. 


UNITED NATIONS 


Quarterly bulletin of electrical energy statistics for Europe—Vol. 3, 
No. 4 United Nations, Geneva, 1959. 1s. 6d.f 


THE document was prepared by the Secretariat of the Economic 
Commission for Europe and presents information relating to 
29 countries, including the Soviet Union and the United States, in 
English, French and Russian. 


* Obtainable from the Printing and Publication Office, National Academy of 
Sciences, 2101 Constitution Avenue, Washington 25, D.C. P ° 

+ Obtainable from the Sales Section, European Office of the United Nations, 
Palais des Nations, Geneva, or through local agents 
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BOOKS 





s, W. AMOS and D. C. BIRKINSHAW 
TELEVISION ENGINEERING—VOL. 4 


miFFE. 1958. 268 PP. 355. 

que reader of technical-book reviews, whom the reviewer no 
jonger describes as gentle although hesitating to call him 
harassed, may well prefer a biographical note on the author 
to a subjective criticism of a book’s contents by a critic of 
nebulous standing applying yardsticks of indeterminate scale. 

Once assured that the author is an eminent engineer with 
a lifetime of experience at the very heart of developments in 
his chosen subject, the bewildered student will rightly consider 
a work worth reading whatever else the reviewer says. 

To give a biographical discourse on Amos and Birkinshaw 
would, however, be presumptuous. As this is the fourth and 
last volume of a well known series written principally for the 
engineering staff of the B.B.C. but made available to a wider 
public by the publishers, it suffices to say that it maintains 
the high level of clarity and accuracy of its predecessors. 

The scope merits some mention: it embraces a large variety 
of topics which could not be included in the earlier volumes 
and covers counting and dividing circuits, clamping and d.c. 
restoring, gamma-control amplifiers, delay lines, equalizers, 
time-bases, shunt-regulated amplifiers and cathode-followers. 
An all-too-brief bibliography accompanies a short but useful 
index. The book is well produced, with clear diagrams and 
attractive type on good paper. It can be unreservedly recom- 
mended as a source of concentrated information for the 
student or engineer. 


E. J. ANGELO, JUN. 

ELECTRONIC CIRCUITS 

McGRAW-HILL. 1958. 450 PP. £3 IOs. 

THIs is a unified presentation of valve and transistor circuit 
fundamentals, the success of which is due mainly to the 
introduction of these devices as examples of idealized active 
circuit-elements and to the emphasis laid on the systematic 
use of general methods of circuit analysis. Discussion of the 
characteristics and general features of valves and transistors 
as amplifiers follows a definition of idealized voltage and cur- 
rent amplifiers, after which the representation of practical am- 
plifiers by equivalent-circuit ‘models’ is treated at some length. 

Derivation of the detailed properties of amplifiers is well 
integrated with the presentation of methods of circuit analysis 
in terms of nodal and mesh equations, together with the 
application of network theorems (i.e. superposition, substi- 
tution, Thévenin and others). The frequency-dependence of 
amplifier performance, considerations of transient behaviour, 
cascading of amplifier stages and the application of feedback 
are treated systematically and thoroughly. Piecewise-linear 
analysis is applied to circuits for rectification, modulation, 
and waveform generation. 

Although the main preoccupation of the author is with the 
analytical treatment of valve and transistor circuits, a good 
description of the physical nature and electronic mechanisms 
of these devices is given, sufficient to impart a general under- 
standing of the origins of their characteristics and circuit 
properties. A satisfactory account of practical considera- 
tions of circuit operation (biasing methods, etc.) is also given. 
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The volume is to be welcomed as one giving a broad treat- 
ment of a subject that has often been overspecialized in the 
past; as such, detail is rightly sacrificed for generality of con- 
cept and method. It is surprising, however, to find virtually no 
mention of power gain in the discussion of transistor ampli- 
fiers; consideration of the relative power-gain capabilities of 
the different amplifier configurations, and their terminal- 
impedance properties, could have been included with 
advantage. 

The book is certainly to be recommended for under- 
graduate teaching purposes. The many listed problems and 
worked examples in the text constitute a very useful feature, 
and the careful development of ideas and stressing of objec- 
tives will be of considerable assistance to students coming to 
the subject-matter for the first time. 


J. T. CULBERTSON 
MATHEMATICS AND LOGIC FOR DIGITAL DEVICES 
1958. 224 PP. 36s. 


THE science of mathematics owes a debt to the technology 
of digital computers for the interest which is being created 
in the logical foundations of mathematics. For example, in 
the discussion of Boolean algebra, the author points out that 
any system of mathematics is based on a number of postulates, 
which are assumptions rather than unique axioms; and the 
discussion of algorithms (in the first chapter) brings new 
interest to the mundane subject of arithmetic. 

Another interesting feature of the book is the use of the 
term ‘neuron’ for an element of a switching circuit. Whether 
or not one is interested in neurological applications, this 
terminology makes it possible to draw the simplest-possible 
logic-diagrams, without reference to detailed hardware. 

Some readers may object that the volume makes only 
modest intellectual demands on them—chapter 2 on permuta- 
tions and combinations goes back to school-algebra level— 
but anyone who works through a fair sample of the 1262 
test problems included should be well drilled in permutations 
and combinations, methods of conversion between number 
systems, the notation of logic, and Boolean algebra with some 
applications to switching circuits. 


VAN NOSTRAND. 


W. J. CUNNINGHAM 
INTRODUCTION TO NON-LINEAR ANALYSIS 


1958. 349 PP. £3 I4s. 

INFORMATION On non-linear differential equations is found 
mainly in periodicals or in rather formidable treatises. This 
book gathers together the principal methods and expounds 
them briefly, lucidly and at a mathematical level accessible 
to most electrical engineers. 

The first three chapters deal respectively with numerical 
methods, graphical methods, and equations having exact 
analytic solutions. The author rightly says that approximate 
analytic methods are most commonly of use, and he allots 
nearly three-quarters of the volume to them. They depend 
in one of two ways on the solution of simpler (usually linear) 
equations. First, one can locate the singular points (equilibria) 
near which linear solutions are informative. Secondly, one 
can take the simple solution as an approximation and improve 
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it by addition of terms (perturbation or reversion) or other 
modifications (parameter variation, minimization of residual 
error, etc.) 

These methods are described and applied to many examples, 
mostly electrical, oscillatory or both. A chapter on varying- 
parameter equations deals mainly with Mathieu’s equation, 
and the last chapter examines the various concepts of stability 
applicable to non-linear systems. 

There is little discussion of hysteresis (admittedly an 
awkward topic) and no mention of transform methods or of 
simulation of non-linear by varying-parameter problems. 
Also, although the material has been taught to control- 
system students, there is little direct reference to feedback 
systems. However, within its scope, this is a clear and 
informative work which can be recommended as an intro- 
duction to non-linear topics. 


H. FISCHER and L. C. MANSUR (Editors) 


CONFERENCE ON EXTREMELY HIGH 
TEMPERATURES 


NEW YORK: JOHN WILEY. LONDON: CHAPMAN AND HALL. 
1958. 258 pp. £3 18s. 


THIS is a record of the papers given at a conference sponsored 
by the Electronics Research Directorate of the U.S. Air 
Force Cambridge Research Center at Boston, Massachusetts, 
from the 18th to 19th March 1958. 

The conference covered (a) the production of extremely 
high temperatures, (b) methods of temperature measurement, 
(c) plasma analysis and (d) applications. The papers give a 
good representation of American thinking on these matters 
at that time. Unfortunately, only the papers presented are 
published, and there is no report of the discussions. 

The volume will be of particular interest to those concerned 
with research and development in thermonuclear processes 
and techniques, but it cannot be recommended as an intro- 
duction to the subject. The conference proceedings were a 
little unbalanced, as little attention was paid to magnetic- 
pinch effects or to methods of stabilizing a pinched low- 
pressure discharge. Also, many of the papers are highly 
specialized. 

A number of the investigations expounded were supported 
by funds from the U.S. Air Force Office of Scientific Research, 
which demonstrates that some authorities believe that the 
fusion reactor will eventually play a part in aircraft or rocket 
propulsion. 


J. W. GODFREY and G. PARR 
THE TECHNICAL WRITER 
CHAPMAN AND HALL. 1959. 340 PP. £2 §S. 


FLOUNDERING in the swelling flood of scientific and technical 
literature that pours upon them, many scientists and engineers 
have in recent years begun to appreciate the waste of time 
and mental confusion caused by sloppy technical writing. 
Professional societies, lecturers, editors and others have made 
efforts to raise technical authors’ standards. In sympathy 
with these, a number of books on technical writing have 
appeared in Britain and the U.S.A. But their subject-matter 
has been rather haphazardly chosen, and none of them could 
by itself be used as a basis for training in technical writing. 

This new work has the stamp of a textbook for the technical 
writer and contains much valuable information and advice 
on varied facets of technical-literature production: types of 
technical publication, setting out text, house style, printing, 
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typography, illustrations, editing, authors’ agreements ang 
copyright. The best chapters are those on factual matters, 
e.g. printing processes, and that on editorial procedure. 

But the authors’ style is torpid and full of the passive voice 
and includes too many sentences beginning ‘It is... ’, fp 
places the text is even ungrammatical (e.g. ‘Having decided 
on the general level of the writing and the scope of the 
report, the next preliminary is the gathering of material,’) 
Moreover, minor errors and inconsistencies abound. 

The reader can have little faith in a work which falls into 
the errors it condemns. Let us hope that the authors wil] 
put these matters right in a second edition, which this usefy| 
volume deserves. 


J. A. RATCLIFFE 


THE MAGNETO-IONIC THEORY AND ITS 
APPLICATIONS TO THE IONOSPHERE 


CAMBRIDGE. 1959. 206 PP. £2 


THIS monograph deals primarily with the theory of the 
propagation of electromagnetic waves in an ionized medium 
in the presence of a uniform steady magnetic field and then 
applies it to radio-wave propagation through the ionosphere, 
It is essentially a detailed mathematical treatment, but it js 
illuminated by the deep physical insight for which the author 
is well known. 

Of particular interest is the discussion of both the dispersive 
and the absorbing properties of the medium, first from a 
macroscopic and then from a microscopic point of view; in 
the latter the author is presenting original work not previously 
published and concerning the acceptance of which he sounds 
a note of caution. However, it is here that the reader is taken 
behind the scenes and shown the individual electrons at work 
and is given a closer look at features of the theory that are 
often lightly passed over. He is offered relatively simple ways 
of deriving the essential form of results that have previously 
been established only by erudite statistical analysis. 

In particular, the effect of collisions on the dispersion and 
absorption characteristics, especially at low frequencies, is 
very well described. There is also a useful appraisal of the 
vexed problem of the inclusion of the Lorentz polarization 
term, while the chapter on the comparision with crystal optics 
will be of special interest to the physicist, as will the explana- 
tion given of the phenomenon of wave-interaction. 

In describing the applications to the ionosphere, it would 
have been helpful if the author had made it plain at the 
outset that, in considering radio propagation, his main 
interest is in vertical-incidence sounding as a means of 
studying the ionosphere. It is presumably for this reason that 
he makes no reference to the generalized quartic equation 
for the three-dimensional ray path in the ionosphere, or even 
of the well known theorems relating oblique- to vertical- 
incidence propagation for the no-field condition and a plane 
earth, on which so much of the application of the theory to 
long-distance high-frequency communication is based. 

Even a limited discussion of propagation in the magnetic 
meridian plane would have been valuable, in view of the 
additional light it throws on the problem of coupling between 
characteristic waves otherwise so ably treated in the book. 

It is to be hoped that the author will, in a future edition, 
devote a chapter to the quartic equation, or at least give 
reasons for not doing so and compromise by making some 
reference to the considerable amount of work that has been 
done on this intriguing aspect of magneto-ionic theory. 

This is a treatise for the physicist rather than the 
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communication engineer, but it can be heartily recommended 
to anyone who enjoys a lucidly expounded argument and is 


interested in the detailed development of the implications of 


the equations governing the refractive index and polarization 
characteristics associated with the Appleton—Hartree formula 
of magneto-ionic theory. 


E. I. JURY 
SAMPLED-DATA CONTROL SYSTEMS 


NEW YORK: JOHN WILEY. LONDON: CHAPMAN AND HALL. 
1958. 453 PP. £6 8s. 


THE subject of sampled servo systems has become of wide 
interest within the last few years. The theory was first seriously 
studied in the defence field, for sampled systems are inherently 
required for use with the discrete signals provided by radar 
and find wide application with guided weapons which 
employ time-sharing of telemetry channels. More recently 
the application of such systems for civil needs is coming to 
the fore, partly because of the increasing interest in the use 
of digital computers for control. It has also been found that 
in some cases where a continuous servo system is possible, a 
sampled system may give a better performance. 

A good deal has been written on the subject, but the 
publications are scattered. This book fulfils a very valuable 
purpose by publishing in one volume a comprehensive treat- 
ment of the theory. It should be emphasized that the work is 
entirely theoretical, and the potential reader should be 
warned that he will be lost after p. 6 unless he be equipped 
with a thorough working knowledge of complex-function 
and Laplace-transform theories. Given this, the expert in 
continuous linear systems will find a satisfying correspondence 
between the concepts which are so familiar to him and their 
counterparts in the theory of sampled systems. The author’s 
treatment of the Z-transform, itself derived from and analogous 
to the Laplace transform, brings this out most clearly, in 
connection with, among many other things, the initial- and 
final-value theorems, the consideration of stability by the 
criteria of Routh, Hurwitz, and Nyquist, and analysis by 
frequency response and by root-locus methods. 

One chapter is devoted to the modified Z-transform 
method, which considers the response between as well as at 
sampling points, and the thoroughness of the work may 
be judged by the fact that there is one chapter treating the 
case of finite pulse-width and another on the use of the 
methods in approximate analysis of continuous systems. 
References to original papers are copious, and there is an 
excellent bibliography. Extensive tables of transforms, a good 
index, and examples for the student complete an advanced 
and comprehensive treatise. 

This scholarly work will be of immense value to the 
specialist but is not to be taken lightly by others. 


E. A. RICHARDS 

METAL RECTIFIER ENGINEERING 

PITMAN. 1958. 209 PP. 37S. 6D. 

THE development of this subject has taken place over 32 years. 
Books there are on its physics, but this is the first British 
work on the design, engineering, and applications of metal- 
rectifier devices. 

It is, therefore, a welcome addition to the literature, but it 
suffers from a number of defects. Some are pointed out by 
the author: characteristics of selenium rectifiers apply only 
to the type manufactured by one company; differences in 
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manufacturing technique affect the characteristics, and the 
advice of the individual manufacturer should be sought; 
types of rectifier with which he was not directly associated 
may have been developed further than he is able to report. 

The other defects are more serious. For different types of 
rectifier, d.c. static characteristics are provided in some cases 
and a form of dynamic characteristic is given in others, 
making comparison difficult. This form of dynamic charac- 
teristic is not now generally accepted. 

Much of the subject calls for the use of mathematical 
relationships. In giving these, the author does not start with 
a list of symbols but introduces them chapter by chapter. 
Consequently, one cannot use the volume for reference 
purposes but must follow the mathematical reasoning to 
understand each conclusion. This difficulty is increased by a 
habit of working through to a conclusion and then in the 
final line giving the reciprocal of that conclusion. The symbols 
with small suffixes are not easy for proof-reading, and errors 
remain. 

In a brief description of some of the circuit devices for 
automatic voltage control, the account of one of the widely 
used systems is incorrect. 

The impression is given that metal rectifiers are still used 
only for low powers, whereas they now commonly have an 
output of several megawatts. 


UNITED STATES DEPARTMENT OF THE ARMY 


ENGLISH-RUSSIAN AND RUSSIAN-ENGLISH 
ELECTRONICS DICTIONARY 


McGRAW-HILL. 1958. 943 PP. £3 2s. 


THIS dictionary covers broadly the fields of electronics and 
communication, including borderline terminology in physics. 
A wide range of terms describing applications of electronics 
is also included. There are 25000 entries (terms and abbrevia- 
tions) in the English-Russian part and 22000 in the Russian— 
English part. 

Thumb indexes are provided for both parts of the dictionary, 
which make it possible to find the required letter quickly and 
easily. This is particularly useful in the Russian-English 
part, since the necessity of remembering the order of the 
Russian alphabet is obviated. Although the dictionary is 
American, both American and British terminologies are 
used, e.g. ‘valve’ and ‘tube’ are given in the English-Russian 
and Russian-English parts. 

Every term consisting of several words is listed under the 
first word, e.g. ‘high-frequency transformer’ is under ‘H’, 
but cross-references are always provided under the main 
word (‘transformer’). A rapid scan of the dictionary revealed 
no serious errors, but it was surprising to find ‘élektricheskaya 
pronitsaemost’ translated as ‘specific inductive capacity’, 
which is no longer in use, without the alternatives of ‘dielectric 
constant’ and ‘permittivity’. 

The dictionary can be thoroughly recommended to electrical 
engineers with a good command of Russian, and it should 
prove invaluable to specialist translators. It can be also used 
by those whose knowledge of Russian is limited to the 
Cyrillic alphabet to translate roughly a title of a paper, a 
caption of a figure, etc. Ability to make such a rough transla- 
tion is very useful in view of the scarcity of good translators 
and the importance and amount of Russian work. 

The only serious point against the dictionary is its price. 
It was first published in 1956 by the U.S. Department of the 
Army in paper covers at 30s. Another 30s. or so seems a lot 
to pay just for hard covers and thumb indexes. 
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BOOKS 
AMOS, S. W., and BIRKINSHAW, D. C. 621.397 
Television engineering principles and practice—Vol. 1. Revised 


edition* 

London, Iliffe and Sons, 1957. pp. 304. 23x 14cm. 30s. 

This book, which consists of four volumes, is intended primarily for 
the instruction of B.B.C. operating and maintenance staff. Vol. 1 deals 
first with fundamentals and then discusses the vision waveform derived 
from synchronizing and picture signals. It describes the various types 
of camera tubes used by the B.B.C. Optics, electron optics and magnetic 
lenses are considered. It has been revised to include details of the 
changes in the television waveform, improved camera tubes and zoom 
lenses. 


ASHBY, W. R. 621—52 


An introduction to cybernetics* 


London, Chapman and Hall, 1958. pp. ix, 295 22 x 14cm. 
36s. 

Starting from commonplace and well understood principles, the author 
proceeds, step by step, to show how these concepts can be made exact 
and can be developed to lead into such subjects as feedback, stability, 
regulation, information, noise, coding, etc. No knowledge of mathematics 
is called for, beyond elementary algebra, to follow the arguments. The 
examples are taken mainly from the biological field. 


BEYAERT, R. 621.313—181.4 
Les petits moteurs électriques (Small electric motors). 3rd edition* 
Paris, Dunod, 1958. pp. vi, 295. 24 x 15-5cm. 32s. 


This work, which describes the construction and characteristics of 
fractional-h.p. motors, has now been enlarged by the insertion of a 
complete design calculation of a th.p. 60c/s capacitor-start machine. 
A chapter on test-room measurements has also been added. 


BOOTH, A. D., BRANDWOOD, L., and CLEAVE, J. P. 

413 : 681 
Mechanical resolution of linguistic problems* 
London, Butterworth, 1958. pp. vii, 306. 22-5 x 14cm. 
£2 10s. 
This account of some of the results obtained at Birkbeck College 
Computational Laboratory gives details of techniques which have been 


used but does not include the detailed programming since this is 
described elsewhere. This book will be reviewed in a future issue. 


CARSLAW, H. S., and JAEGER, J. C. 536 
Conduction of heat in solids. 2nd edition* 

Oxford, Clarendon Press, 1959. pp. x, 510. 24-5 x 16cm. 

£4 4s. 


The first edition, based on the author’s Introduction to the mathematical 
theory of the conduction of heat in solids, appeared in 1947. This is a 
mathematical work on the solution of problems in the conduction of 
heat, with a full treatment of the application of the Laplace transform. 


COTTON, H., and GOLDING, E. W. 621.31 


Foundations of electrical engineering.* A textbook for students 
studying for the Ordinary National Certificate in electrical engineer- 
ing. Vol. 2 


London, Pitman, 1959. pp. xi, 252. 23 x 14cm. 30s. 


Deals almost exclusively with a.c. circuits and machines. The M.K.S. 
system is explained. Where appropriate, the chapters end with sugges- 
tions for laboratory work. Reviewed in May 1959 Journal, p. 321. 
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CROWE, S. 7 
The landscape of power* 

London, Architectural Press, 1958. 
16s. 


Discusses the effect on the countryside of the large structures which are 
going up everywhere and indicates how these can, by careful planning 
be incorporated into the landscape without destroying it. 


pp. 115. 22 x 14-5em. 


EISLER, P. 621.3.049 
The technology of printed circuits. The foil technique in electronic 
production* 

London, Heywood, 1959. pp. x, 405. 22:5 x 14cm. £3 


While this book surveys briefly most of the techniques used for producing 
printed circuits, it deals mainly with the foil method. Reviewed in May 
1959 Journal, p. 322. 


EVE, A. S., and KEYS, D. A. 550.837 
Applied geophysics in the search for minerals. 4th edition* 
Cambridge, University Press, 1956. pp. x, 382. 22 x 13-5cem. 


£2 10s. 


In the 15 years since the previous edition of this standard work appeared 
new techniques and devices have been developed, and these are now 
included. 


FRANCIS, T. G. 
Electrical installation work. 3rd edition* 


London, Longmans, Green and Co., 1958. 
14cm. 15s. 
In this edition of a book on supply systems, consumers’ circuits and 


wiring systems, account has been taken of the changes in the 13th edition 
of The Institution’s Wiring Regulations. 


621.315.3 


pp. xv, 256. 22 x 


FRASER, D. A. S. 519.2 
Statistics: an introduction 

New York and London, Chapman and Hall, 1958. 
24 x 15-5cm. £2 14s. 


An introduction to basic mathematical techniques used in statistical 
problems. Considers probability distribution, sampling, analysis of 
variance, factorial designs and linear transformations. 


pp. ix, 398. 


GLASSTONE, S. 539 
Sourcebook on atomic energy. 2nd edition* 

New York, D. Van Nostrand, 1958. pp. 641. 24 x 15cm. 34s. 
Treats every aspect of atomic physics and developments in the fields of 
radioactivity and atomic energy. Both the history and present knowledge 


of the subject are thoroughly covered in a series of concise statements 
to which comprehensive name and subject indexes refer. 


GRAY, T. J., and others 539.11 


The defect solid state* 

New York and London, Interscience, 1957. 
23 x 15-Scm. £4 Ss. 

A dissertation on the relationship between the defect nature of solids 
and their physical and chemical properties. The theory is discussed in 


relation to semiconductivity, corrosion processes, the magnetic properties 
of solids, dielectric materials, etc. 


pp. vii, 511. 
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Flektrokeramik (Electrical porcelain) 
Berlin, Springer-Verlag, 1959. pp. viii, 269. 24 x 16cm. 
£3 10s. 9d. 


A comprehensive review of ceramics for the electrical industry. It deals 
with manufacture; testing; electrical, mechanical, thermal and other 
physical properties; and applications at low, medium and high voltages 
to insulators and capacitors. 


HENNEY, K. (Editor-in-Chief ) 621.39(03) 
Radio engineering handbook. 5th edition 

New York and London, McGraw-Hill, 1959. pp. ix, 1755. 

4x 15-5em. £9 14s. 


Revised to take account of recent advances and developments relating 
to diodes, h.f. tubes, transistors, non-linear circuits, a.f. circuits and 


power supplies. 


HURLEY, R. B. 621.314.7 
Junction transistor electronics * 
New York, Wiley, 1958. pp. xvii, 473. 23-5 x 15-Scm. £5 


This book for practising engineers and scientists deals with the charac- 
teristics and circuit applications of transistors. Reviewed in May 1959 
Journal, p. 324. 


JUNG, A. 621.318.3 


Calcul des électro-aimants industriels (Design of industrial electro- 
magnets). 2nd edition 


Paris, Dunod, 1958. pp. viii, 99. 22 x 13-5cm. np. 


A booklet on a.c. and d.c. types, giving the theory and a chapter of 
specimen design calculations: The latter relate to trip coils, contactors, 
brake magnets and a simple electro-pneumatic valve. 


JURY, E. I. 621—52 
Sampled-data control systems* 
New York, Wiley, 1958. pp. xv, 453. 24 x 15cm. £6 8s. 


Acomprehensive study of the basic theory used in sampled-data systems 
and allied fields to clarify and solve industrial problems. Reviewed on 
p. 393. 


KHINCHIN, A. I. 621.391 
Mathematical foundations of information theory * 
London, Constable, 1958. pp. 120. 20-5 x 13-Scm. IIs. 


The text consists of two mathematical papers. The first deals with the 
concept of entropy in probability theory, and the second considers the 
fundamental principles of information theory. Reviewed in August 
1958 Journal, p. 461. 


LAWSON, W. D., and NIELSON, S. 621.315.59 
Preparation of single crystals 
London, Butterworth, 1958. pp. vii, 255. 22 x 14-5cm. £2 5s. 


Describes techniques for growing purer and more-perfect single crystals 
of semiconducting compounds. This book will be reviewed in a future 
issue. 


MOLLOY, E. (General Editor) 534.85 
High fidelity sound reproduction. 2nd edition* 
London, George Newnes, 1958. pp.xii,208. 22-5 x 14cm. 20s. 


Chapters by different authors deal with disc and tape reproduction of 
sound, radio reception, amplifying equipment, loudspeakers, and the 
accoustics of sound reproduction, including stereophonic reproduction 
from discs. 
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MOSS, T. S. 621.315.59 
Optical properties of semi-conductors* 
London, Butterworth, 1959. pp. x, 279. 22-5 x 14-5cm. 


£2 10s. 


This work, written primarily for experimental physicists, gives a 
theoretical treatment of the optical properties of solids and the inter- 
relation of the optical constants for any material. The author describes 
the properties of many of the more interesting semiconductors. A special 
feature of the book is that the survey is most up to date. This book will 
be reviewed in a future issue. 


MYERS, W. R. 538.3 
Theoretical electromagnetism * 
London, Butterworth, 1958. pp. xii, 274. 22 x 14cm. £2 2s. 


Although simplified as far as possible, this book assumes mathematical 
accomplishment to Intermediate B.Sc. level and is intended to aid work 
for an honours degree. Particular care is taken to accustom physicists 
to the rationalized M.K.S. system of units 


NEWMAN, R. 629.11 : 621.3 
Motor car electrical systems. Maintenance, repair and rewiring 
London, Foulis, 1958. pp. 318. 22 x 14cm. 30s. 


This is a volume for the ‘handyman’. It is an up-to-date treatment of 
the subject, and the section on wiring systems is comprehensive. 


OLSON, H. F. 534.1 
Dynamical analogies. 2nd edition 


New York and London, D. Van Nostrand, 1958. pp. xi, 278. 
23-5 x l6cm. £2 IIs. 


The author deals with analogies between electrical, mechanical- 
rectilineal, mechanical-rotational and acoustic systems. The mechanical 
or acoustical system is converted into the analogous electrical circuit 
for the solution of a problem. Reviewed in May 1959 Journal, p. 326. 


PATCHETT, G. N. 621.316.722 
Automatic voltage regulators and stabilizers. Revised edition 
London, Pitman, 1958. pp. viii, 349. 22 x 14:-S5cm. £2 10s. 


Explains the fundamental principles applying to automatic voltage 
regulators irrespective of size and type. It describes, in general terms, 
first, regulators having mechanical moving parts and, secondly, regu- 
lators involving only electrical or electronic circuits, with illustrations of 
specific types. 


PENROSE, H. E., and BOULDING, R. S. H. 621.396.96 
Principles and practice of radar. 6th edition* 


London, George Newnes, 1958. pp. xii, 803. 23 x 14cm. 

£2 10s. 

A simple account of the principles of radar systems and circuits with 
descriptions of some typical installations. This edition includes sections 
on true-motion radar displays for marine installations, the cosecant- 
squared aerial, and circular polarization for minimizing the effect of 
rain interference on airfield-radar displays. 


POTTER, E. C, 621.35 
Electrochemistry principles and applications 


London, Cleaver-Hume, 1956. pp. xii, 418. 25 x 15:5cm. 
£2 10s. 


An exposition of modern views on electrochemistry, with an explanation 
of the application of theoretical principles to industrial processes. 
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SADDINGTON, K., and TEMPLETON, W. L. 621.039 
Disposal of radioactive waste* 
London, George Newnes, 1958. pp. viii, 102. 23 14cm. 


17s. 6d. 


Surveys the whole problem of waste products from the atomic-energy 
industry, giving information on the basic data on which the safe limits 
for discharge are established and describing the methods successfully 
used up to the present. Problems likely to arise in the future and means 
of coping with them are also considered. 


SPENCE, S. 
Electrical fault diagnosis * 


London, Electrical Times, 1958. l4cm. 15s. 


A collection of tables for assisting maintenance engineers to diagnose 
rapidly symptoms likely to lead to faults in electrical machinery, 


621.313.004.6 


pp. vil, 134. 22 


mercury-arc rectifiers, starters, switchgear and fluorescent-lighting 
equipment. 
SWANN, H. W. 614.8 


Electrical safety * 

London, MacDonald, 1959. pp. xii, 292. 22 14:Scm. £2 
This work surveys the field embraced by the Factory Electricity Regula- 
tions, relates the physical effects of electricity, considers domestic usage, 
and gives some notes on hospitals and static electricity. It is based on 
the author’s long experience as Senior Electrical Inspector for the Home 
Office. To be reviewed. 


OTHER PUBLICATIONS 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


1958 Special Technical Conference on Nonlinear Magnetics ang 
Magnetic Amplifiers. Proceedings, August 6-8, 1958, Los Angeles 
California 5 
New York, American Institute of Electrical Engineers, 95g 
pp. viii, 482. 28 x 21-Scm. £2 16s. 


INSTITUTE OF RADIO ENGINEERS 

Proceedings of the Eastern Joint Computer Conference. Papers and 
discussions presented at the joint A.C.M.-A.I.E.E.-L.R.E, Compu. 
ter Conference, Boston, Mass., November 7-9, 1955. Theme 
computers in business and industrial systems 
New York, Institute of Radio Engineers, 1956. 
28 x 21:S5cm. 24s. 


pp. 100. 


Proceedings of the Eastern Joint Computer Conference. Papers ang 
discussions presented at the joint IL.R.E.-A.C.M.—A.I.E.E. Compu- 
ter Conference, Washington, D.C., December 9-13, 1957. Theme 
computers with deadlines to meet 

New York, Institute of Radio Engineers, 1958. 
28 x 21:S5cm. 24s. 


pp. 259. 


Proceedings of the 1957 Electronic Components Conference. Chicago, 
May 1-3, 1957 

New York, Institute of Radio Engineers, 1957. 
28 < 21-5cm. £2 


pp. 282. 





Elections and transfers 


The following elections and transfers approved by the 
Council are effective from the Ist May 1959 


Graduate to Associate Member (continued) 


MEYER, Ronald 

MORRISON, Eric James Watson, B.s¢ 
ousEY, David George, D.F.H. 
PALMER, Thomas Michael, D.?.H. 


CHAPTER, Colin Falconer 
CORKER, Donald Hugh 
CRAIG, Robert, B.SC. 

CRASKE, William John, D.F.H. 


CROMPTON, Arnold Bennett, B.SC.TECH. 
DAVIDSON, Richard Charles, B.SC.(ENG.) 


PATTERSON, Alan Morrell, B.ENG. 
PESIKAKA, Sqdn.-Ldr. Dosu Behram, 


ELECTIONS 
Associate Members 


ANDREW, Philip Holmes, B.sC.(ENG.) 
BLAKE, Col. Ernest Peter, R. SIGNALS 
BODEN, Thomas William, B.sc. 
Bott, Arthur John, B.SC.(ENG.) 
BURLEY, Henry Edward, B.SC.(ENG.) 
CAMILLERI, Ralph Paul 

CARR, Charles, B.SC.(ENG.) 

CHORLEY, Francis Kenneth 


Associates 


CABLE, Arthur Percy 


TRANSFERS 


Associate Member to Member 


ATKINSON, Richard Scott 

BALL, Albert Herbert 

BULLARD, Maj. Henry Joseph William, 
M.B.E. 

CURRALL, George Henry, M.M., M.B.E. 

DREYFUS, Henry Benfey, B.SC. TECH. 

FITZER, Herbert Clyde, 0.B.r., 
B.SC.(ENG.) 

HARWOOD, Col. William Edward, 
B.SC.(ENG.) 

HOLLWAY, Steven John, B.SC.TECH. 

JOHNSTONE-HALL, Raymond Thomas 
Robert, B.SC.(ENG.) 

KNIGHT, Alan Weir, D.F.H. 

LINDSELL, Lt.-Col. Robert Anthony, 
M.C., M.SC., M.A., R.E. 


Graduate to Associate Member 


ADAMS, William Main, B.SC., 
B.SC.(ENG.) 

ARMSTRONG, George Kenneth, B.Sc. 

ASPIN, William Raymond, B.ENG. 

BAGLEY, John Laurence 


396 


DUNBAR, Peter Hyslop, B.Sc. 

LAX, Aubrey Stephenson 

MARTIN, John, B.SC.(ENG.) 

RUSSELL, Ronald 

SCOTT-MONCRIEFF, Admiral Sir Alan 
Kenneth, R.N. 

SEREDYNSKI, Franciszek, B.SC.(ENG.) 


McKINSTRY, John Francis Coates 


LITHERLAND, Ernest 

MALLALIEU, Eric Gordon, B.Sc. 

MARRIAN, Edward John Malby, B.sc. 

MARTIN, Maj. Cyril Arthur Joseph, 
G.C., M.C., B.A. 

MARTIN, Thomas Dawson, B.SC.(ENG.) 

RIVETT, John Colin, B.SC.(ENG.) 

SANGSTER, Charles Low, B.SC.(ENG.) 

SIMKIN, Donald Edward 

SINGH, Gajraj, B.SC., B.ENG. 

SMITH, Dennis Cecil, B.sC.(ENG.) 

TUKE, George Johnson, B.SC.(ENG.) 

TURNER, Herbert Alexander, 
B.SC.(ENG.) 


BROWNRIDGE, Inst.-Cmdr. Frederick 
Heath, B.SC., R.N. 

BUCHANAN, Alistair Campbell 

BURMAN, Donald Francis, B.SC.(ENG.) 

CARPENTER, Gordon James 


DELLIOU, Kyriakos 

DUCKER, John Charles 

ELDER, James Gordon, B.SC. 

EVANS, Calvert Reginald Hughes 

FURSE, James Dinsdale 

GIBSON, Robin Peter 

GODFREY, Michael Russell, B.SC.(ENG.) 

GREENWOOD, Rex Mitchell 

GWAL, Ramphal Badluprasad, B.sc., 
B.SC.(ENG.) 

HALLOWAY, Roy 

HARRISON, Basil Hughes, D.F.H. 

HARRISON, Geoffrey, B.SC.(ENG.) 

HAYTER, John Charles, B.SC.(ENG.) 

HEATH, Cyril Edward, B.Sc. 

HEIMER, Hans 

HINDLER, Fritz, B.SC.(ENG.) 

HUNTER, Robert William 

HUTTON, Peter Robert 

HYNES, Joseph Herbert, D.F.H. 

KING, Kenneth Gordon, D.F.H. 

KING, Robert Ashford, M.A. 

LANGHORN, Sydney Wilfred 

LASODE, Isaiah Olufemi Ayinla 

LEAK, Dennis Gordon 


B.SC., R.A.F. 
PIERREPONT, Frederick 
PROSSER, Kenneth Wheatley 
RAINGER, Peter, B.SC.(ENG.) 
RAWSON, Frank Kingsley 
RAY, Robin Edwin, D.L.c. 
REGER, Hugh Philip, D.F.H. 
RENNIE, Robert Alexander 
RIESEN, Gerhard, DIPL.ING 
RODGERS, Alfred 
RUSIECKI, Lucjan Jan 
SLACK, John Vere 
stotr, Derek Nicholson, D.F.H. 
TEDFORD. David John, B.SC., PH.D 
THOMSON, John Craig 
rice, Philip Christopher 
rRANTER, Anthony, B.SC.(ENG.) 
UNDERY, Denis William, B.SC.(ENG.) 
VARDER, Donovan Louis Widdicomte, 
B.SC.(ENG.) 
VINCENT, Gordon Stanley, M.Sc. 
WALKER, Herbert 
WARDEN, Peter Edward Morris 
WATKINS, Thomas Brown, PH.D., M.S 
WEEDY, Birron Mathew, B.SC.(ENG.) 
LEWIS, Frank Samuel WILLIAMS, Edward Kenneth 
McCORMICK, Charles William Diehl, WILLIAMS, Leslie George 
B.E. WISEMAN, Peter William Robinson 
MANTON, Richard Ernest, D.L.c. WOOLLETT, Brian John 


The following elections and transfers approved by the 
Council are effective from the 14th May 1959 


ELECTIONS 
Graduates 


AKASS, Capt. John Leslie, B.A., ANSTEY, Philip 


R. SIGNALS ARATOON, Peter, D.F.H. 
ALI, Mohammad Akbar, B.sc., BELCHAMBER, Derek John 
M.SC. TECH. BENNETT, Thomas James, B.E 
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Graduates (continued) 

jower, Anthony Hugh Brian, .a. 
powLES, James Adrian, B.Sc. 

arto, Julius Robert, A.F.H. 

jgooks, William Brian 

grown, Anthony Roy, B.A. 

prYANT, Donald John, B.e. 

guLt, William Harold 

cain, David Frederick, B.sc. 
conpear, Cecil Arthur Allen, B.sc. 


yawson, Victor W illiam, B.SC.(ENG.) 


oUNTHORNE, Donald, B.SC.(ENG.) 

pvans, William Alan, B.SC., 
vi.8C.(ENG.) 

evr, Michael Denis, B.SC. 

sawkes, William Rex 

pisHeR, Keith Lovett 


oopaLL, Edwin George Alexander, 


B.SC., M.SC. 
ueaney, Robert John 
quceins, John Anthony 
yarreTT, Capt. Michael Sidney, 
BSC.(ENG.), R. SIGNALS 
xempson, Raymond John 


Students 


,RTHURTON, Robert lan McMillan 
gaiey, Robert Edwin John 
gakeR, Michael Herbert 

paLL, Geoffrey Taylor 

parBeR, John Alistair 

garLow, Michael Neil 

sarNes, Edwin George 

sass, John Joseph 

saxTer, Anthony Harry 
sHAMBRA, Santokh Singh 
sLAGBROUGH, John David 
BOARDMAN, Keith Derek 
BRIGNELL, John Ernest 

BROWN, Frank Edward 
BURCHELL, John 

cLarK, Brian James 

CLARKE, Martin 

coates, Kenneth Ian Tod 
COGHLAN, John Joseph 
coLuiver, David John 

cooper, John Brian 

creaseY, David John 

crossy, John William 

curry, Alan Peter 

paitey, Colin George Johnson 
paNBuRY, Anthony John 
pay, Gary Mervyn 

pose, David Michael Leslie 
EARLE, Michael Alan 

EATON, John Anthony 


LAURIE, Donald Arthur, B.ENG. 
Lewis, Elfed, B.sc. 
Low, Derroon, B.£. 
LYON, Ronald John, B.sc.(ENG.) 
MARWOOD, Charles Timothy, 
B.SC.(ENG.) 
MASON, Reginald James 
ORCHARD, Oliver John 
PADWICK, Nicholas Bailey, B.sc.(ENG.) 
PEART, Allan 
PENNINGTON, Malcolm, B.Sc. 
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or monograph was published individually 


PART A. POWER ENGINEERING (JUNE 1959) 


J.H. DAVIS. PAPER 2814 M, DECEMBER 1958 __ Silicone electrical insulation 


March 1959 


Communicated discussion on Measurement of high voltages with indi- 


cating or recording instruments 
E. P. G. THORNTON AND D. 


BOOTH, B.SC.(ENG.). PAPER 27545, 


OCTOBER 1958 Design and performance of the gas-filled cable system 


February 1959 


PROF, L. S. PALMER, D.SC., 


N. J. MACKAY AND E. HARDWICK. 


PH.D. 
Examples of geoelectric surveys 


PAPER 2791 M, DECEMBER 1958 


May 1959 
PAPER 2699 U, AUGUST 1958 Electrical 


installation at Calder Hall nuclear power station April 1959 


A. E. HARWOOD, P. SCOTT, M.A., AND B. H. STONEHOUSE, B.SC.(ENG.). 


PAPER 2812 S, DECEMBER 1958 


Design of electro-mechanical auxiliaries 


directly associated with power-producing reactors March 1959 


JUNE 1959 


Discussion on Digital computer applied to the design of large power 
transformers before the North-Western Supply Group and the South- 


East Scotland Sub-Centre 
PROF. T. V. SREENIVASAN, 


M.SC.TECH. PAPER 2865 U Dynamic 


braking of 3-phase motors by capacitors June /959 


PART B. ELECTRONIC AND 
COMMUNICATION ENGINEERING (MAY 1959) 
See the Journal for May 1959, p. 333 


PART C. MONOGRAPHS (MARCH 1959) 


See the Journal for March 1959, p. 192 


June 1959 


Forthcoming events 


15-19 Monday-Friday Summer Meeting in the North Midland Centre 


25 Thursday Special General Meeting of Corporate members only 
(to be held at The Institution of Civil Engineers, 1-7 Great 
George Street, London S.W.1, at 5.30 p.m., tea at 5 p.m.) 


27 Saturday Measurement and Control Section visit to Footscray 


September 1959 


10-13 Thursday—Sunday Supply Section visit to Dublin 





ANNOUNCEMENTS TO MEMBERS 





THE HOMES FUND 


SUMMARY OF CONTRIBUTIONS RECEIVED TO 
15TH MAY 1959 


No. of 
contributors a oe 3 
£1000 and over 7 8000 0 0 
£100 to <£1000 30 6586 3 O 
£5 to <£100 879 9259 14 5 
£2 to <£5 2186 6024 0 0 
under £2 26265 13686 3 O 
£43556 0 5 


APPOINTMENTS AND NOMINATIONS 


AIRCRAFT ELECTRICAL ENGINEERING 


THE Council have nominated Mr. P. J. Daglish, B.sc., 
MEMBER, Dr. D. C. Flack, B.SC.(ENG.), ASSOCIATE MEMBER, 
Prof. G. A. Whitfield, B.sc., ASSOCIATE MEMBER, Group-Capt. 
A. Foden, B.SC.TECH., R.A.F., ASSOCIATE MEMBER, and Mr. R. 
Hilton, M.ENG., ASSOCIATE MEMBER, to serve as their repre- 
sentatives on a joint committee to be formed by The Institu- 
tion and the Royal Aeronautical Society to discuss the 
applications of electricity in aircraft. 


WIRING REGULATIONS COMMITTEE 


On the nomination of the Ministry of Supply, the Council 
have appointed Mr. J. N. Kass, ASSOCIATE MEMBER, to serve 
on the above Committee in place of Mr. R. N. James, 
MEMBER. 


B.S.I. ENGINEERING DIVISIONAL COUNCIL 


The Council have nominated Sir Josiah Eccles, c.B.£., D.s.Cc., 
PAST-PRESIDENT, to serve as their representative on the above 
Council for a further year. The Council have also nominated 
Sir Archibald Gill, B.sc.(ENG.), PAST-PRESIDENT, to serve as 
their representative on the above Council in place of Dr. P. 
Dunsheath, C.B.E., M.A., PAST-PRESIDENT. 


B.S.I. TECHNICAL SUB-COMMITTEE ACM/8— 
ELECTRO-ACOUSTIC TRANSDUCERS 

The Council have nominated Mr. D. E. L. Shorter, MEMBER, 
to serve as their representative on the above Sub-Committee 
in place of Mr. T. Somerville, MEMBER, who has resigned. 


COUNCIL FOR THE PRESERVATION OF RURAL WALES— 
GENERAL COMMITTEE 

The Council have nominated Mr. J. Vaughan Harries, 
MEMBER, to serve as their representative on the above Com- 
mittee and attend meetings of the Executive Committee. 
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COUNCIL OF THE ELECTRICAL RESEARCH ASSOCIATION 
The Council have nominated Mr. A. W. Montgomery, 0.35 
B.SC.TECH., MEMBER, to continue his service as their repre. 
sentative on the above Council for the year 1959-60, 


DELHI ENGINEERING COLLEGE TRUST 


The Council have nominated Mr. T. E. Goldup, c.B.£., past. 
PRESIDENT, to serve as their representative on the Executive 
Committee of the above Trust. 


GOVERNING BODY OF THE STAFFORD COLLEGE OF TECH- 
NOLOGY 

The Council have nominated Mr. J. E. Boul, A.c.G.1., MEMBER 
to serve as their representative on the above Governing Body 


LOUGHBOROUGH COLLEGE OF TECHNOLOGY 
COMMITTEE ON INDUSTRIAL ENGINEERING 
The Council have nominated Mr. D. E. Lambert, B.SC.(ENG.), 
MEMBER, to serve as their representative on the above Com. 
mittee. 


ADVISORY 


THE PROVISION OF ADEQUATE ’ 
ELECTRICAL INSTALLATIONS IN 
BUILDINGS 


THE papers and London discussion at the Symposium on the 
Provision of adequate electrical installations in buildings will 
be published at the end of June 1959. The publication, ina 
stiff cover, will be complete in a single issue. The prices are 
7s. 6d. to members of The Institution and 12s. 6d. to non- 
members. Applications for copies should be addressed to the 

Secretary. 


~~ 


RETIRED MEMBERS AND THOSE OF 
LONG STANDING 


MEMBERS are reminded of a rule which has been in existence 
for some years and which enables Corporate members and 
Associates who have retired from the profession and are still 
desirous of retaining their membership of The Institution to do 
so without payment of further subscriptions. It is left to the 
members concerned to make application to be brought within 
the rule. The rule, which does not apply retrospectively, is as 
follows: 


Any Corporate member or Associate who has reached the 
age of 60 and has retired from the practice of his profession 
or business may apply to the Council to waive his future 
annual subscriptions provided that his membership of The 
Institution has been continuous for at least 25 years. If he 
desires to continue to receive the Journal he can do so 00 
payment of 10s. per annum. Parts A, B and C of the | 
Proceedings will also be available to him at the appropriate 
subscription rates. 
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A further rule provides that as soon as a member of any 
class completes 50 years of membership he is not required 
to pay any further membership subscriptions, regardless of 
whether he is still in remunerative employment. This rule 
operates automatically, and the member on qualifying is 
notified accordingly. If he desires to receive the Journal or 
the Proceedings, the arrangement for retired members of 
25 years’ standing also applies. 


pRACTICAL PAPERS IN THE 
PROCEEDINGS 


que Council welcome the submission, for publication in the 
Proceedings, of short papers dealing with practical problems 
encountered in the development, manufacture, operation or 
maintenance of electrical equipment. Such papers are useful 
to other members facing similar problems. They may be quite 
short, of any length between, say, 750 and 2500 words. A 
short practical paper has an obvious attraction for the 
engineer who is too busy to prepare a full-length one, and it 
provides information in a form which readers can usually 
assimilate rapidly. 


SUBSCRIPTIONS AND INCOME-TAX 
RELIEF 


THE Institution has been approved for the purposes of 
Section 28 of the Income Tax (Amendment) (Guernsey) Law, 
1959, and the whole of the annual subscription paid by a 
member who qualifies for relief under that section will be 
allowable as a deduction from his emoluments assessable to 
Guernsey income tax. 

The Administrator of Income Tax in the States of Guernsey 
informs us that a member of The Institution residing in 
Guernsey and entitled to the relief described should submit 
to him a claim in writing. A note on the position of The 
Institution in respect of corresponding legislation appeared 
on p. 646 of the Journal for December 1958. 


WHITWORTH FOUNDATION AWARDS 


THE arrangements for the annual award of Whitworth 
Fellowships and Prizes are being substantially changed as 
from 1960. The new scheme has been designed to attract 
serving engineers rather than those who have only just 
completed their training. In order to draw in these more 
experienced men, the value of each of the Fellowships has 
been increased to £1000 a year. 

The Minister of Education, as the trustee of the Sir Joseph 
Whitworth Foundation, has decided to limit the field of 
applications for awards to promising serving engineers for 
whom additional study and training may be of value in 
enhancing their qualifications and experience. The new value 
of £1000 a year for each of the three Fellowships may be 
supplemented by allowances for dependants, travelling and 
subsistence. A more rigorous system of selection is being 
introduced. The Fellowships will normally be available for 
postgraduate study in an approved establishment or industrial 
organization. 
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In addition, up to three Whitworth Exhibitions of £100 
will be awarded to unsuccessful candidates for Fellowships 
whose work deserves recognition. The award of Whitworth 
Prizes will be discontinued. 

The first applications under the new arrangements must be 
submitted not later than the 3lst July 1959. Copies of the 
new Rules and Conditions may be obtained from H.M. 
Stationery Office, price 4d. or by post 6d. Inquiries and 
requests for application forms should be made to The 
Secretary, Ministry of Education (F.E.1(C)), Curzon Street, 
London W.1. 


MAGNETISM AND MAGNETIC 
MATERIALS 


THE Fifth conference on Magnetism and magnetic materials 
will be held in Detroit, Michigan, U.S.A., from the 16th to 
19th November 1959 at the Sheraton-Cadillac Hotel. The 
conference is sponsored by the American Institute of Electrical 
Engineers in co-operation with the Office of Naval Research, 
the Metallurgical Society of the A.I.M.E., the American 
Physical Society and the Institute of Radio Engineers. 

Instructions for authors, as well as further conference 
details, are obtainable from D. M. Grimes, Department of 
Electrical Engineering, University of Michigan, Ann Arbor, 
Michigan, U.S.A. 


COMPUTER CONFERENCE PAPERS 


PAPERS On any aspect of computing are requested by the 
programme committee of the 1959 Eastern joint computer 
conference, sponsored by the American Institute of Electrical 
Engineers and the Institute of Radio Engineers, which will 
take place at the Statler Hilton Hotel, Boston, Massachusetts, 
U.S.A., on the Ist-3rd December 1959. 

Prospective authors are asked to submit to the Chairman 
of the Programme Committee, J. H. Felker, Bell Telephone 
Laboratories, Mountain Avenue, Murray Hill, New Jersey, 
U.S.A., four copies of a 100-word abstract and a 1000-word 
summary of each paper by the 15th August 1959. 


INTERNATIONAL MEASUREMENTS 
CONFERENCE 


THE full text of the papers presented at the International 
measurements conference, held in Budapest from the 24th 
to 30th November 1958, is to be published in the proceedings 
of the conference. 

The number of papers presented at the conference was 145, 
and in the proceedings they will take up about 1000 pages. 
The papers will be published in the original language (mostly 
in German, a smaller part in Russian and some in English 
and French), and each will be followed by summaries in two 
other languages of the conference and in Hungarian. The 
proceedings will be published, probably in two volumes, in 
autumn 1959. 

Preliminary orders and requests for further information 
should be addressed to Publication Committee IMEKO, 
Budapest 5, POB 3, Hungary. 
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BULLETIN OF THE SECTIONS 











ELECTRONICS AND COMMUNICATIONS 


Glow-discharge tubes 


A an Electronics and Communications Section meeting 
at Savoy Place on the 23rd March 1959, the chair was 
taken by Mr. R. J. Halsey, who invited Dr. F. A. Benson 
and Mr. P. M. Chalmers to present their paper on the ‘Effects 
of argon content on the characteristics of neon—argon glow- 
discharge reference tubes’. 

Dr. Benson gave a brief account of some uses of glow- 
discharge tubes, e.g. voltage stabilizing and switching. At 
Sheffield University he and his colleagues have worked for 
some years in this field. At the start, they compared the 
performance of commercial stabilizer and reference tubes. 
Later, special tubes with different cathode materials, gas 
fillings, gas pressures and constructions were tested. The 
results suggested that another important parameter was the 
argon content of the gas filling. 

Tests were made on special tubes in which only the argon 
content was varied. These tubes had cerium cathodes and 
gave a wide spread on measured values, so that only general 
conclusions could be reached. The spread was attributed to 
non-uniformity of the cerium-cathode surface. Finally, they 
investigated argon content over the range 0-:001-10%, using 
tubes with molybdenum anodes and cathodes and manu- 
factured by means of high-stability reference-tube techniques. 

With these special tubes, they gathered detailed information 
on the influence of argon content on running-voltage/current 
curves, running/voltage-temperature curves, initial drifts and 
impedance/frequency and noise characteristics. They con- 
cluded that an argon content of 1% was desirable. Krypton 
and xenon have the same effect as argon. 


0-5° argon better? 

In the discussion, Mr. A. J. Young said that the value of 
a small argon content in glow-discharge tubes had been 
known for a long time. By reference to the curves in the 
paper, he concluded that, except for a few specialized appli- 
cations, 0-5°% was a better value for the content than the 
1°, suggested by the authors. 

Mr. J. M. Glackin asked how the temperature coefficient 
was measured and described the refinements in measurement 
to which he had been led in order to achieve accurate results. 
He stressed the importance of tube geometry in obtaining 
desirable characteristics and inquired about the effects of 
high-temperature storage. 

Mr. V. H. Attree wondered if it was really necessary to 
cover such a wide frequency range and suggested that it was 
more important to avoid voltage jumps. Mr. J. Smith wanted 
to know how the positive temperature coefficient shown in 
Fig. 3 of the paper could be explained. Mr. J. C. Pope asked 
to what extent the results might have been affected by traces 
of mercury vapour in the tubes. 

Mr. R. O. Jenkins outlined some of the effects to be 
observed in corona discharge tubes and said that these had 
a positive temperature coefficient. Mr. G. F. Weston spoke 
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about the influence of geometry and filling pressure on the | 
characteristics. Mr. R. N. Lake explained the testing pro- 
cedure for observing voltage jumps and quoted the limits 
applied to reference tubes. 

Mr. Chalmers observed that the temperature measurement; 
were sufficiently accurate to establish the effect of argon by 
did not need to be of such a high accuracy as Mr. Glackin 
had in mind. In reply to Mr. Attree, he pointed out that 
high-frequency performance was important in switching tubes, 
All the tubes contained mercury vapour to a pressure of 
10-3mm, but this might have been cleaned up in sputtering 
Dr. Benson said that they had no results on the effect of 
storage temperature. 

The chairman remarked that the attendance was small but 
quite satisfactory, as a high proportion of those working in 
this field were present. R.G.R 


New telephones for old 


Tz first radically new design of telephone to be intro. | 
duced in this country since before the recent war was | 
described by F. E. Williams and F. C. Carter in a lecture to 
the Electronics and Communications Section at Savoy Place 
on the 8th April 1959. 

The lecture, entitled ‘The new Post Office 700-type tek. 
phone’ and given by Mr. Carter, was preceded and supported 
by a paper ‘Design of an automatic sensitivity control fora 
new subscriber’s telephone set’ by Mr. Williams and Mr. 
F. A. Wilson (reviewed on p. 381); Mr. G. Millington was 
in the chair. 

Mr. Carter traced briefly the history of the telephone from 
the early models made principally from wood, through the 
pedestal types made largely from iron, to the first handsets 
which appeared in the late 1920’s when plastic materials 
became commercially available. Just before the last war the 
300-type telephone set was introduced, characterized by the 
incorporation of the bell and the telephone in a one-piece 
moulding. 

After the war, attention was directed towards the develop- 
ment of a new telephone set, which, by the application of 
modern materials and techniques, would give improved 
sensitivity on long exchange lines. At the same time, it was 
appreciated that the increased sensitivity could lead to 
embarrassingly loud calls on short local lines. 

A related problem, therefore, was the development of 
means for controlling automatically the sensitivity of the new 
telephone set in relation to the line current. Mr. Williams, in 
presenting the supporting paper, described the method which 
had been adopted to achieve this automatic control, based on 
the use of a metal filament lamp and a number of selenium 
rectifiers. 

The design of telephone selected for final development was 
chosen in collaboration with the Council of Industrial Design, 
who also selected the six colours adopted initially. 
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Sensitive customers 

The discussion was opened by Mr. D. A. Barron, who 
reminded the audience that they were no longer subscribers 
io the telephone service but customers (he omitted to mention 
whether the customer is still always right). He asked for a 
comparison between the new telephone and those of other 
countries, and the authors replied that the new 700-type was 
more sensitive than any other and the sensitivity control more 
effective. 

While many of the speakers admired the appearance of the 
new telephone set, Capt. P. P. Eckersley disliked the shape; 
he thought that it looked ashamed of itself, drooping at both 
ends. 

Telephones, naturally, provided a wonderful subject for 
grousers; comments were forthcoming on such topics as the 
kinking of leads, the suppression of loud clicks in the receiver 
and the provision of more than one bell sound in busy offices. 
The authors answered most questions very adequately and 
dealt with much banter in the good-humoured spirit which 
marked the whole evening. L. uF. 


How strong a field? 


M* R. J. Halsey was chairman for the meeting held on 
the 27th April 1959 at Savoy Place when Mr. G. F. 
Swann presented his paper on ‘The field strengths required 
for the reception of television in Bands I, III, IV and V’. 
Mr. Swann started by deriving a figure of 36dB for the 
signal/noise ratio required at the receiver input for ‘satis- 
factory’ reception of 405-line television signals and from this 
the field strength required at an idealized receiving installation. 

He went on to discuss the effects of receiver noise factor, 
aerial gains and feeder losses before deducing the median 
field strengths necessary at a rural location utilizing practical 
receiving aerials. Finally, by consideration of local variation 
factors and the arbitrary choice of a contour giving a 70% 
probability of satisfactory service, Mr. Swann arrived at 
values for the median-field-strength contour defining the 
nominal limit of the service area for reception in rural areas 
for each of the four bands. The paper is reviewed on p. 369. 

A spirited discussion followed, in which all aspects of the 
paper were covered. Mr. R. N. Jackson showed how the 
acceptable ratio of peak-to-peak signal amplitude to peak-to- 
peak noise amplitude at the cathode-ray tube could vary 
both with the intensity of the room lighting and with viewing 


Why, where and how 


agp contributors to the discussion on the paper by 
Mr. G. B. Harper, on ‘Selection of insulation levels and 
tests for high-voltage transformers’, endeavoured, on the 
25th March 1959 at Savoy Place, to indicate to him the 
selection and test methods they favoured and in the fullness 
of time were shown that the author was quite unabashed. A 
short account of the paper appears on p. 380. 

Mr. Harper reviewed factors relating to the choice of 
transformer insulation levels, examined in the light of service 
experience on the British Grid, and test procedure. He 
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distance, although he agreed that Mr. Swann’s figure of 12dB 
was a reasonable compromise. 

Mr. G. B. Townsend used practical experience to support 
his arguments in favour of local variation factors and for the 
inclusion of a 9dB impulsive interference factor for Band I. 
He even gave the audience the idea that on occasion the best 
signal could be obtained from an aerial on the ground! He 
also thought the field strengths would have to be increased if 
either a 625-line or a colour system were introduced. 


Appreciation versus time for renewal 


Mr. A. B. Howe revealed some of the results of the recent 
Band V experiments from Crystal Palace and said that they 
agreed remarkably well with Mr. Swann’s estimate. It was 
fortunate that neither ionospheric, tropospheric nor impulsive 
interference was troublesome in Band V, but in Band I 
experiments had shown that interference often limited the 
service area for ‘satisfactory’ pictures to the 1 mV/m contour. 

Mr. S. N. Doherty directed attention to a report on the 
failure of commercial u.h.f. television in America and how 
the American broadcasting organizations were trying to 
exchange u.h.f. channels for v.h.f. Both he and other speakers 
were doubtful if Mr. Swann had made sufficient allowance 
for cosmic noise in the assessment of the field strength 
necessary in Band I. 

Mr. J. K. S. Jowett added a slight touch of humour to 
the meeting when he referred to a seasonal variation factor 
of viewers and how their appreciation of the service fell off 
very rapidly as the time for the renewal of their television 
licences approached. In a more serious vein, however, he 
asked for the present median-field-strength contours on 
service-area maps to be replaced by contours inside which a 
known percentage of viewers could receive a satisfactory 
service. He also indicated some of the difficulties encountered 
when dealing with intercontinental co-channel interference. 

Mr. E. N. Lee speculated on the plight of the 30% of 
viewers uncatered for by the 70% criterion and said that they 
would be considerably worse off in Bands IV and V than in 
Bands I or III. 

Mr. Swann dealt very ably with the questions and pointed 
out that the paper was only a matter of stocktaking, and, as 
was customary, some of the stock might have to be written 
off at a later date. Mr. Halsey, in thanking Mr. Swann for 
his paper, commented on the interesting discussion which had 
taken place and referred to the meeting as a small one with 
a large audience. D. G. B. 


SUPPLY 


suggested that surge diverters could effect a reduction in 
transformer insulation levels in specified conditions, but the 
reliability of the devices must be beyond doubt. Nevertheless, 
no material gain appears to exist for the C.E.G.B. systems. 

He further considered that the voltages obtaining in service 
conditions suggested that the more logical approach to 
insulation tests would be to reduce the present levels of 
power-frequency voltage, while making the impulse test 
routine in character, and to introduce an additional test 
covering switching overvoltages. 

The opening sallies of six speakers made clear that their 
views did not coincide with the approach he had indicated. 
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SUPPLY (continued) 


Overvoltages oversea 

The insulation characteristics of both transformers and 
protective devices came in for comment from several con- 
tributors, especially concerning internally generated over- 
voltages and surge diverters. Mr. R. R. Pattinson mentioned 
the unloaded tertiary winding and the possibility of excessive 
voltages occurring. He also considered that experience over- 
sea was showing that switching overvoltages were becoming 
highly significant. Dr. J. R. Mortlock added that the over- 
voltage factor required serious consideration, since in past 
practice it may have been too high. He emphasized the role 
of the switchgear designer in reducing installation costs for 
e.h.v. systems, for example the projected ones for 660kV. 


Gaps or diverters—pros and cons 


Mr. E. C. Rippon declared his support for surge diverters 
and said that, while experience at home might not support 
such a view, a fallacious interpretation could arise in such 
non-lightning areas. He discussed the savings which could 
follow their employment when they were installed correctly. 

Mr. J. L. Egginton, in supporting the use of rod-gaps, was 
not convinced that surge diverters could be advantageous in 
outage conditions. He felt that they could eyen be an 
embarrassment, since the possibly prolonged outage during 
replacement might be costly in time and material. 

Several speakers discussed the relative advantages of horn- 
gaps and surge diverters as protective devices. Mr. W. 
Casson proposed an arrangement positioned outside the 
zone of transformer protection incorporating a circuit- 
breaker in series with a gap, the fault current being limited 
by a resistor inserted between the switch and earth. In this 
way unnecessary outages could be avoided. 


System requirements 

Mr. Pattinson regarded the transformer-fault statistics as 
providing material of interest to the system planning engineer. 
He outlined the problems facing the planner and the elements 
of probability entering his choice of approach, particularly 


UTILIZATION 


The Section Chairman talks about the 
Groups 


| sean the past six months I have had the pleasure of 
attending meetings at each of the Local Centres where 
Utilization Groups have been inaugurated, and I have been 
gratified to note the keen interest taken in the Section’s 
activities. While I cannot possibly report all the varied 
subjects that have been discussed, I should like to put 
forward some of the views that have been expressed to me 
locally, which may or may not be generally supported. 

It is thought that a number of members who have not yet 
joined a specialized Section could and would do so if the 
actual scope of the Sections were better and more widely 
understood, and even more so if there were some more clearly 
definable advantages appertaining to Section membership. 
Another proposal was that a Group should hold at least a 


402 


in the high isoceraunic levels encountered in countries to 
which exports are made. 





Revision of tests 


The present test procedure, with its acceptance levels, ang 
the suggested revision of that procedure caused considerable 
dissertation. Mr. Rippon commented on the interpretation 
of fault detection in impulse testing and considered that the 
criteria now required more practical definition. He felt that 
the impulse test was, in essence, a switching one, but he 
could not agree that it should become a routine test, 

The emphasis on impulse-voltage testing has, Mr, E, T 
Norris thought, developed from the inadequacy of power. 
frequency tests but only in relation to switching and other 
surges, which were imperfectly catered for by that test ip 
earlier days. He submitted that the power-frequency electric 
strength should not be overlooked. 

Mr. Pattinson pointed out that, because of growing unit | 
size and transport problems, it may be necessary to construct 
transformers at site, which will create testing problems. He 
thought that discharge tests might serve, provided that 
components were adequately works-tested. 

Mr. W. H. Hardern believed that the presence of tap. | 
changers with non-linear resistors was important, and logically 
the combination of transformer and tap-changer should be 
tested. The need for switching-overvoltage tests would arise | 
only when the switch design might be culpable. 

Replying to the extremely full discussion, Mr. Harper 
said that the flow and return between speakers implied an 
easement of his reply, but he had garnered many opinions on 
his suggestions, emphasizing that they were suggestions. In 
dealing briefly with a number of points, he remained adamant 
in his desire for achieving, ultimately, routine impulse testing. | 

The formal moving of a vote of thanks can be cold, but | 
Mr. D. P. Sayers, Chairman of the Section, brought a warmth ; 
to it which matched the vigour of the discussion. He pointed 
out that it was a ‘one-man’ paper and that the author had } 
stood his ground manfully and well deserved the appreciation 
which was then accorded. F.C.W, | 
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one-day conference in each session on some topic of current 
interest, such as: 


Rising mains and internal wiring for large blocks of flats, 9 
with special reference to provision for floor warming 
Electro-heat in industry, with particular regard to novel 
profitable and practical applications 

Practical applications of silicon rectifiers and of electronic 
equipment in industry. 


It was contended that an informed discussion on a matter 5 
of wide general interest would invariably attract the largest 
audience of the session and that in some Centres practising | 
electrical engineers were more anxious to have papers and/or 
discussions on things affecting their everyday work than oft § 
highly technical character on research or development. ‘ 

The question has also been raised as to whether Group and fe 
Centre Committees are sufficiently active in encouraging tht } 
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submission of informal papers and lectures that might be of 

icular interest to their members, as advocated by the 
Council. It would seem that more local and topical papers 
might well encourage immediate interest and eventually serve 
aneven wider audience if subsequently the Section Committee 
in London were able to encourage the author to submit his 
material as a formal Institution paper for reading and/or 
publication in the Proceedings. Certainly, nothing should be 
done that might affect the normal submission of utilization 

pers to the Section Committee, and I would emphasize 
that these papers do not necessarily have to contain higher 
mathematical treatment, provided that their content is of real 
importance. R. A. MARRYAT 


Summer Meeting at Bournemouth 


1TH a south-westerly chasing white horses across the 

bay on Friday afternoon, there was some doubt as to 
the weather prospect for our week-end meeting in Bourne- 
mouth from the Ist to 3rd May 1959; but, on the arrival of 
more and more members with their ladies at the Highcliff 
Hotel and with the pleasures of greeting old friends and of 
making new acquaintances, spirits rose rapidly. 

Proceedings opened with a dinner-dance in the hotel ball- 
room given by Marryat and Place Ltd., at which our Section 
Chairman, Mr. R. A. Marryat, welcomed the Mayor and 
Mayoress of Bournemouth and the Chairman of the Southern 
Centre, Mr. G. Bishop, and Mrs. Bishop. The Mayor, 
Councillor H. Brown, expressed his good wishes for the 
success of our meeting. The Mayor and Mayoress joined in 
the dancing, which continued with animation until midnight. 

Next morning, a blue sky and brilliant sunshine lured us 
from our beds to admire the delightful views across the bay 
from the hotel gardens, but soon the coaches were waiting 
and the party divided into three groups to participate in the 
different visits that had been arranged for us. 


Ocean-view power station 


The visit to Marchwood power station, on the west bank 
of Southampton Water, was of great interest to those who 
had not previously had the opportunity of seeing a station 
conceived and constructed since nationalization of the supply 
industry. The pleasing appearance of the aluminium and glass 
structure of the main building, viewed from within and from 
without, and the general cleanliness, orderly lay-out and 
quietness of operation of the generating plant were perhaps 
the most impressive features, while the enthusiasm of the staff 
in explaining points of detailed interest was very evident. 

Not least of the attractions was the outlook from the 
control room over the well laid lawns to the ocean-going 
liners moving up and down Southampton Water, which 
certainly made some of us feel a little envious. The station 
Tuns on heavy oil brought up the Water from the refinery at 
Fawley but can be converted to coal-firing when required at 
about six weeks’ notice; the thermal efficiency achieved has 
recently been as high as 31-05%, and the record of plant 
availability is equally satisfactory. 

The second group went to the Hurn factory of Vickers- 
Armstrongs (Aircraft) Ltd. and also had a most instructive 
Visit, In this factory, over 250 of the world-famous Viscount 
airliners have been assembled, and members were able to see 
construction in progress. The method of quality control 
adopted and the steps taken to ensure complete reliability of 
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every component used were of great interest, and the extent 
to which equipment supplied from outside sources failed to 
pass acceptance tests with uniformity gave food for thought 
to many members. 

The extent of electrical work in these aircraft can be gauged 
from the installed generating capacity of 300kVA and the use 
of some 20-30 miles of cable in a single airliner. 


The Orrery 


Most of the ladies joined the third group which drove 
through the Bournemouth Chines to the historic town of 
Wimborne Minster. In the Minster itself, which dates from 
the early 12th century, they saw the notable astronomical 
clock, called the Orrery, which is believed to have been built 
in 1320 and is still working. On its dial the earth is shown 
fixed in the centre, with the sun and moon revolving around 
it, in accordance with accepted ideas of those days, to indicate 
the hour of the day and also the phase of the moon. 

Leaving Wimborne, they had an enjoyable tour through 
the New Forest to Lyndhurst, where they arrived at the 
Grand Hotel almost simultaneously with the coaches from 
Marchwood and Hurn, for lunch as guests of the Southern 
Division of the Central Electricity Generating Board. 

Mr. R. H. Coates, Controller of the Southern Division, 
was ready to welcome us all on the sunlit lawns of the hotel. 
In thanking Mr. Coates for his hospitality, during the enjoy- 
able lunch that followed, the Section Chairman remarked 
that the interest of the C.E.G.B. in the Utilization Section 
was well justified by the fact that more electricity is used by 
the supply industry in driving auxiliary plant than the total 
supplied to any single consumer, including the largest one, 
the National Coal Board. 


Cars ancient and modern 


Boarding the coaches once again, the whole party pro- 
ceeded to Beaulieu, where the Abbey, Palace House and the 
Montagu Motor Museum were visited. The highlight here 
was the collection of over 100 veteran and vintage cars, 
ranging from the first Wolseley of 1895 to the latest B.R.M. 
racer, great admiration being expressed for the ingenuity of 





Mr. Marryat is assisted into his horseless carriage at Beaulieu 
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some of the early makers. After tea the party returned to 
Bournemouth; and in the evening we were the guests of the 
Bournemouth Corporation at the Pavilion Theatre, where 
we saw a farcical comedy ‘Breath of spring’. 

By Sunday morning, the wind had freshened again; and, 
under an ominous sky, we set off for a coach tour of the Isle 
of Purbeck. The weather made our visit to the “Blue Pool’ 
all the more impressive, for, in spite of the grey sky, the 
water was brilliantly blue and with its surrounding woods 
and sandy shores afforded an attractive background for many 
colour photographs. 

At Corfe, the younger members of the party braved the 
elements to climb to the top of the Castle, while the remainder 
visited the minute town hall and admired the stone-roofed 
cottages and houses in the village. The onset of rain and low 
cloud on the hills discouraged further outdoor activity, but 
lunch at the Grand Hotel, Swanage, was all the more welcome. 

After lunch, our Chairman thanked the Vice-Chairmen, 
Mr. T. E. Houghton and Mr. J. M. Ferguson, for their 
support and also the Immediate Past-Chairman, Mr. Vaughan 
Harries, and three other Past-Chairmen, Mr. H. J. Gibson, 
Mr. J. I. Bernard, Mr. B. L. Metcalf, and their ladies, for 
their attendance. R. A. M. 


The conduction drive 


EL. experimental results which had been obtained and a 
description of a new device which, in effect, attacked the 
old problem of providing an infinitely variable, reversible 
gear-box, the solution of which for so long has fascinated 


MEASUREMENT AND CONTROL 


Plotting electrons 


bes Lecture Theatre at Savoy Place being in the hands of 
the builders, the Measurement and Control Section 
meeting on the 7th April 1959 was held in the Tea Room, 
which indeed lent itself well to the size of audience and the 
general informality of the meeting. This was devoted to the 
paper by Dr. M. E. Haine and Mr. J. Vine on ‘An electron- 
trajectory tracer for use with the resistance network analogue’, 
which is reviewed on p. 376. 

The problem, as expounded by Mr. Vine, is that of design- 
ing electron lenses. He began by explaining the two stages 
in which the solution has to be reached: first, mapping the 
field and, secondly, finding the paths of the electrons. He 
outlined briefly how the first part is solved by an analogue 
method, using either an electrolytic tank or a mesh of resistors. 
(The latter method seemed to be very dependent on the 
existence of some symmetry in the field.) 

The second stage of the problem can still be troublesome, 
and it is here that the apparatus described in the paper takes 
over. The idea is due to the late Dr. G. Liebmann: it is a 
manually operated method of performing a step-by-step 
double integration. From the operator’s point of view it 
looks rather like the repeated balancing of a bridge circuit. 
The time needed to operate it is about one minute per step, 
or about two hours for computing a complete trajectory with 
reasonable accuracy. The use of a servo device to avoid the 
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many engineers, were made known to those attending the 
meeting at Savoy Place on the 16th April 1959, when th 
inventors of the device, Dr. D. O. Bishop and Dr. G. § 
Brosan, presented their paper ‘An electromagnetic variable. 
ratio torque convertor’ (reviewed on p. 377). 

This device, which the authors called the ‘conductioy 
drive’, depends for its operation on the phenomenon exempli- 
fied in Faraday’s disc and consists basically of a homopolar 
generator coupled to a homopolar motor, the two being in 
close proximity under a common housing. The maximum 
over-all efficiency with the experimental model was 45° 
with an output of about 3h.p., but the designers considered 
that a machine with considerably reduced losses could ty | 
built which could perform functions not possible with any | 
other machine of comparable size, weight and efficiency, — 


eed 


Discussion 

Mr. W. J. Gibbs opened the discussion, which, by the 
nature of the paper, was mainly confined to theoretical cop. 
siderations. The ordinary electrical engineer present did no 
take part (no doubt remembering the old adage concerning 
the pedestrian habits of angels!). One gleaned, however, tha 
some of the concepts of the authors were taken to task: and 
a request was made as to the meaning of ‘e.m_f. field’, 

The authors were encouraged not only to perfect their 
device but also to work out a satisfactory theory, in the 
process of which it was hoped that they ‘would get as much 
fun out of the mathematics as out of their invention’. The 
general opinion appeared to be that, with development, the 
device should fulfil a useful purpose and have a considerable 
field of application. RHR | 


tedium of the balancing operations would be the next stage 
in the further development of the apparatus. 


A broadside in return 

Opening the discussion, Dr. K. F. Sander advocated | 
alternative methods. He prefers the electrolytic tank to the 
resistance network, in which the meshes must be of finite 
size; and he favours energizing the network (or tank) with 
square-wave alternating current rather than the authors 
direct current, in the interests of easier amplification and 
avoidance of spurious signals. Dr. Haine fired a broadside 
in return: he had tried alternating current, and it was more 
troublesome; Dr. Liebmann had found direct current more 
accurate; and galvanometer amplifiers are so good that Dr 
Haine would not want to use an a.c. amplifier anyway. 

In answer to Mr. P. Muff’s inquiry about the comparative | 
speeds and accuracies of this and other devices, Dr. Haine 
disclosed that since writing the paper he had changed over to 
using a digital computer, so that the apparatus is now disused 
except for problems involving space charge. 

Mr. Vine assured Mr. A. H. Doveton that a correction for 
increase of electron mass at high velocities could be applied 
if necessary; but, he conceded, it was complicated. } 

Finally the Chairman, Mr. J. K. Webb, recalled his efforts 
to solve similar problems by means of rubber membranes, 
made another plea for alternating instead of direct current, 
and thanked the authors for a stimulating paper. A. CL 
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vt i LARGE attendance greeted the reading of the paper by 
Nuld be J. P. Pitts on ‘The reliability and life of impregnated- 
ith any paper capacitors’ at the Ordinary Meeting at Savoy Place on 
cy, the Sth March 1959, with the President, Mr. S. E. Goodall, 
; | in the chair. Mr. Pitts was regrettably absent through illness; 
and his colleague, Mr. C. E. Williams, very adequately 
deputized for him. 
by the The paper (reviewed on p. 378) covered familiar ground in 
al con- a lucid way and provided some pegs for the discussion. This 
did not was opened in fine style by Mr. C. G. Garton, who admitted 
cerning that he was obliged to steer a nice course between being 
er, that contentious and contradicting both himself and his E.R.A. 
k; and colleagues. Nevertheless, he made some stimulating points 
P. ! concerning the various mechanisms of failure. In fact, one 
t their gathered the impression that there are so many ways in which 
in the a capacitor can fail that the astonishing thing is that there 
$ much are any capacitors working at all! 
1. The One of the latest discoveries, made by means of radioactive 
nt, the techniques, is that all paper is thick with tiny conducting 
derable | particles which defy detection by direct breakdown tests. 
%. H.R.) Such particles nevertheless contribute to stress concentrations 
and ultimate breakdown. To drive this point home, Mr. 
Garton showed a film which all too aptly illustrated the dire 
consequences of their presence. When Shakespeare wrote: 
‘Since brass, nor stone, nor earth, nor boundless sea, 
But sad mortality o’ersways their power... 
] Nor gates of steel so strong, but time decays? 
t stage 0 fearful meditation! Where, alack! 
- — Shall Time’s best jewel from Time’s chest lie hid ?’ 
he certainly could have added capacitors to his list! 
ocated | 
to the Pre-service testing 
finite The discussion was coloured by the advent of the trans- 
) with atlantic submarine-cable repeater, which has given a new 
ithors twist to the meaning of the terms ‘reliability’ and ‘life’. In 
n and such situations, where replacements are difficult, it is the 
adside capacitor prone to early failure that can cause most of the 
more trouble. To weed out those capacitors, pre-service life-tests 
more have become popular in some circles. Mr. Garton was dubious 
at Dt. _ —_ of their value and feared that the tests served only to absorb 
a substantial portion of the capacitor’s normal life. 
ative Mr. T. R. Scott challenged this idea. While it may apply 
Haine to a capacitor with a mean life Z and a minimum useful life 
ver 10 of $L, it certainly does not to high-quality types with a mean 
isused life of 10L and a minimum useful life of 5L. He disagreed 
strongly with the author, who implied that the two types can 
mn for be equally reliable. In the latter type, resort can safely be made 
ppliee to drastic pre-service tests without substantially affecting the 
minimum life of the sound ones. 
fforts 
es Counting the cost 
cl Mr. P. R. Coursey, as a manufacturer, dwelt on the 
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difference in cost of the two types. He enlarged on the 
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intimate relation between reliability and economic factors. 
Mr. R. M. Barnard looked at the problem from the user’s 
point of view and, after showing several slides giving histo- 
grams of failures to demonstrate such things as the effect of 
paper area on average breakdown voltage, again made the 
point that certain users are concerned less about the time 
when 50% of their capacitors will probably fail than when 
the first one will suffer breakdown. 

This same point was reiterated by Mr. A. C. Lynch. There 
are two costs to consider, the initial cost of the capacitor and 
that of replacing it—which, if it happens to be at the bottom 
of the Atlantic, can be pretty high. (Such capacitors, it would 
seem, are quite literally worth more than their weight in gold.) 
Unfortunately, there appears to be little relationship between 
mean life and life to the first failure. We do not yet know the 
governing factors and have no means of measuring them. 

Mr. E. C. Lee went off on a different tack by discussing 
some of the problems which face the manufacturer of large 
a.c. capacitors and the very practical means he had adopted 
to circumvent them. He spoke about capacitor seals and the 
exact meaning of ‘hermetic’, as did Mr. W. A. Stickley. Mr. 
H. F. Church stressed the importance of using the right paper 
and amplified the author’s comments about ionizable impuri- 
ties, illustrating his remarks with slides. 


The deprecated word 


After so much intense and refined discussion about the 
behaviour of capacitors, it came as a distinct shock to many 
when Mr. E. T. Norris started talking about ‘condensers’, 
since this expression has become almost ‘non-U’ in some 
circles which must surely include the present one. Anyway, 
Mr. Norris remade the point that by statistics one could prove 
anything, even, he thought, the incidence of the first failure. 

We were back on the rails again with Mr. F. Moores, who 
had something to say about the processing of capacitors, in 
particular the removal of moisture. It seems that cable 
engineers are content with 4000 parts per million of moisture 
in their dielectric, which is about two wineglassfuls per cubic 
foot—a dreadful thought. Capacitor engineers think in terms 
of 200 parts per million, or 20 times better. 

Considering that Mr. Williams was deputizing for Mr. 
Pitts, his reply was surprisingly detailed and fluent. His 
competence was noted by Mr. Goodall in proposing a vote of 
thanks which was carried with acclamation. J. K. W. 


DISTRICT MEETING AT OXFORD 


Torrid zone 


T= uniformly high attendance of the session was main- 
tained at the final meeting on the 11th March 1959 at the 
Oxford offices of the Southern Electricity Board, when, under 
the chairmanship of Mr. D. Westwood, a paper entitled 
‘Zeta’ was presented by Mr. R. Carruthers. 

As a senior principal scientist, the lecturer was intimately 
concerned with the development of Zeta, and he gave a 
skilfully drawn impression of the project as a whole. Without 
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becoming involved in lengthy technicalities he explained the 
difficulties which had to be overcome and, classifying them 
under the general headings ‘electrical’ and ‘mechanical’, gave 
a brief account of their solutions. This gave the audience a 
vivid picture of this brilliant combined operation of science 
and engineering. 

Mr. Carruthers leavened his paper with several humorous 
touches and mentioned that, in common with other eagerly 
awaited events of nature, Zeta usually produced its most 
important results around the witching hour of midnight. 

The paper stimulated a wide range of questions and 
discussion, covering such diverse topics as economics, trans- 
former design and radiation hazards. 

Mr. J. L. Taylor, in proposing the vote of thanks, said that 
this project was a perfect example of teamwork and that the 
leaders were to be commended on their faith and vision in 
this venture into the unknown. The audience had been 
fortunate in hearing at first hand from Mr. Carruthers, one 
of the leaders. The vote was carried with acclamation. 


Silent tribute 


Immediately before the presentation of the paper, the 
audience stood in silence after Mr. Taylor had paid a brief 
tribute to the memory of Col. H. G. Fraser, late Sub-Area 
Manager of the Southern Electricity Board and a founder- 
member of the Oxford District Meetings, who had died a 
few days before. D. W. 


DISTRICT MEETING AT READING 


Subscriber trunk dialling 


M& E. W. Weaver took the chair at the fourth and final 
meeting of the 1958-59 Session on the 16th March 1959, 
when approximately 120 members and guests attended and 
the committee had a few anxious moments wondering whether 
the room and the seating accommodation would be adequate. 
The ensuing talk on ‘Subscriber trunk dialling’, by Mr. D. A. 
Barron, was most interesting. It was based on his paper 
which was reviewed in the April 1959 Journal, p. 236. 

Mr. Barron outlined the logical developments in trunk- 
traffic handling which led to the introduction of subscriber 
trunk dialling: (1) operators being needed at all exchanges, 
(2) trunk mechanization, where an operator was required 
only at the originating trunk-control centre, and (3) s.t.d., 
where no operator will normally be necessary. He explained 
the system of national numbering and the present and future 
trunking arrangements. Details were given of electronic 
registers and translators (Grace); methods of timing and 
group charging; metering; call-office operation; etc. 

The talk was illustrated by a number of slides, and Mr. 
Barron demonstrated the setting up of an s.t.d. call from 
both a subscriber’s and a coin-box installation, including, in 
the latter case, a rather apt presentation of what happens if an 
unsatisfactory coin is used. The fact that the actual display 
equipment was that used at Bristol, when Her Majesty the 
Queen inaugurated the first s.t.d. installation in December 
1958, added appreciably to the interest of the audience. 

Twelve members of the audience joined in the subsequent 
lively discussion, which embraced many aspects of s.t.d. 
working and, in particular, experience gained at Bristol since 
the service was opened, tariffs, metering operation, types of 
subscribers’ meters, alternative routing, national telephone 
numbers, dialling codes, dialling into PABX’s, etc 
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Mr. Barron coped very adequately with the wide range of | 
points raised. Mr. Forbes Jackson closed the meeting by 
moving a vote of thanks, which was enthusiastically supported 
Mr. Barron had indeed dealt with his subject with the utmog 
skill and in a most interesting and lucid manner. R.NE 





News from abroad 


WESTERN AUSTRALIA OVERSEA 
COMMITTEE 


High-energy nuclear-particle accelerators 


JOINT meeting with the Institution of Enginees 

(Australia), Perth Division, was held at Perth on the 
24th November 1958, when 60 were present to hear Prof 
D. J. Allen-Williams’s lecture on high-energy nuclear-particl 
accelerators. 

After a somewhat unexpected opening—‘Some 200 years 
ago, apparently, scientific societies could meet without any 
definite work being done; but nowadays, it seems, we cannot 
meet without some luckless person being constrained to give | 
a paper... !’—the speaker gave his hearers: 


A brief history of the growth of atomic science, with dates 
which surprised by their nearness in time to the present day 
A note on the first attempts at accelerating nuclear particles 
in a straight line 

A catalogue of the ‘circular’ accelerators, with some attempt 
at an explanation of the fundamental principles underlying 
their operation (‘these are the accelerators—the “-tron” 
family—in which the particles go round in large circles, 
unlike the speaker, who is better known for rushing round 
in small circles’) 

An account of the war-time electronic advances which led to 
the renewed interest in linear accelerators 

An inkling of the reasons for the doctors’ interest in medium- 
energy accelerators of both kinds ) 
A short description of the now more or less standardized | 
therapy unit known as the ‘4 MeV linear electron accelerator’ 
(one of which is to be installed in Perth shortly) 

And a final warning not to be too careless in dealing with 
radiations emanating from such machines. 


—— 


The lecture was illustrated by well chosen slides and 
enlivened by appropriate verse quotations from Dr. D. T. 
Lewis’s delightful book ‘Ultimate particles of matter’. It was 
well received and resulted in much discussion. RRL | 


OVERSEA ATTENDANCE REGISTER j 


DURING the period 17th April to 16th May 1959, these members 
called at the Institution building and signed the Attendance Register 
of Oversea Members: 


AUSTIN, W. H. (Nairobi) 

BAKER, W. E. (Hong Kong) 

BENNETT, G. D. (Uganda) 

BROMLEY, H. E. S. (Bo, Sierra Leone) 

BUCKLEY, R. (Durban) 

CANHAM, J. (Accra, Ghana) 

CHAPPEL, M. J. W. (Port Elizabeth) 

CHEN, S. L. (Hong Kong) 

CHRISTMAS, W. S. (Bombay) 

Gross, J. (Nairobi) 

HACKING, C. A. (Philadelphia, U.S.A.) 

HYNES PENG, J. H. (Scarborough, 
Ontario) 

INNS, J. M. H. (Salisbury, S. Rhodesia) 

JACKSON, W. D. (Boston, U.S.A.) 


LARTER, E. S. (South East, S. Australia | 
LEEMING, K. J. (Toronto) 

LE PAGE, W. (Lusaka, N. Rhodesia) 
MARTENS, A. (Umbogintwini, S. Africa) 
MAYO, G. R. (Pretoria) 

MELLANBY, J. (Accra, Ghana) | 


POTWOROWSKI, T. (Maracaibo, 
Venezuela) 

SMITH, W. E. (Nairobi) 

SUNDRAM, K. S. P. (Penang, Malaya) 

SWITSUR, S. C. (Lagos) 

TWITCHETT, A. J. (Tanga, Tanganyika) 

WILLIAMS, J. R. (Melbourne) 


MORLEY, E. W. L. (Durban) \ 
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News from the Centres 
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“| NORTH MIDLAND CENTRE 
— Faraday Lecture 
HE Faraday Lecture was delivered in Leeds Town Hall on 
Monday, 16th March 1959, by Dr. H. A. Thomas under 
the Chairmanship of Mr. J. D. Nicholson, who, in intro- 
ducing the speaker, said that every year The Institution 
invited an eminent scientist or engineer to give a Lecture to 
commemorate the memory of Michael Faraday. This year Dr. 
{ Thomas had accepted the invitation, and he could say that 
ngineers we had a treat in store. 
on the The demonstrations were most ingenious, the film illus- 
ir Prof, trations were perfectly timed, and the Lecture was enlivened 
Particle | py an occasional touch of humour which kept a packed 
audience in a state of keen interest for nearly two hours. 
0 years Proposing a vote of thanks to the lecturer, Col. Kitson 
ut any said that Dr. Thomas’s forecast of the future of automation 
Cannot showed the great opportunities it would open up for qualified 
to give | — young people. Dr. Thomas in reply said that the success of 
the Lecture depended on the work put in by his associates. 
n dates F . " 
nt day Light engineering 
articles The seventh Ordinary Meeting, on the 24th March 1959, 
taking the form of a joint meeting with the main Centre, the 
{tempt ; Utilization Group and the Illuminating Engineering Society, 
erlying | was held at the Institute of Technology, Bradford. The 
“tron” Chairman of the Illuminating Engineering Society, Dr. D. L. 
circles, Smare, welcomed about 80 members of The Institution and 
round / of the Illuminating Engineering Society. 

He invited the Chairman of the North Midland Centre, 
ledt0 | Mr. J. D. Nicholson, to conduct the remainder of the pro- 
ceedings. Mr. Nicholson presented an Institution prize to 
dium- Mr. D. B. Stott for the results of his studies in the Higher 
! National Certificate course at Huddersfield College of 
rdized | Technology during the 1957-58 Session. 
rator’ | He then invited Mr. J. W. Howell to give his lecture on 

‘Fifty years of lighting development’. This was a most 
y with interesting record of the development and application of 
different forms of light sources and was illustrated by a 
; and number of ingenious demonstrations of contrast, brightness 
D. T. and colour. An interesting discussion followed, and Mr. 
t was Howell replied ably to the many questions. 
RL | Mr. Nicholson, in proposing a vote of thanks to Mr. 
Howell, said that we could not fail to have been impressed 
“7 with the breadth of the address, based on 50 years’ experience 
of lighting development in houses, shops, mines, factories and 
_ © streets. 
mbers 
gister : 
| York and trains 
are: On the 7th April 1959, the traditional York meeting started 
ae with an afternoon visit to the York Carriage and Wagon 
Works of British Railways, which renovate and overhaul 
railway coaches and build many new coaches. New rolling 
) stock is being manufactured for the Liverpool Street-Clacton 
line, and members were shown the process of assembly and 
iS the arrangement of electrical equipment. 
At tea, Mr. Nicholson proposed a vote of thanks to Mr. 
yika) Burroughs, chief mechanical and electrical engineer, and to 


Mr. Walker, manager of the Carriage Works. 
JUNE 1959 


Television-picture size 


After tea, the eighth Ordinary Meeting of the session, 
attended by 85 members, was opened by the Chairman, who 
congratulated Mr. A. Ineson—who was present—on his 
50th year as a Corporate member of The Institution. 

Mr. L. C. Jesty read his paper on ‘The relation between 
picture size, viewing distance and picture quality, with special 
reference to colour television and spot-wobble techniques’, 
which was reviewed in the April 1958 Journal, p. 188. He 
gave a comprehensive review of many exhaustive and 
interesting experiments. There was a full discussion. A vote 
of thanks was proposed by Mr. Nicholson, who congratulated 
the author on dealing with a basically scientific subject in a 
manner modified by considerable human experience. 


Mechanics of painting 

The Annual General Meeting of the Centre was held on 
the Sth May 1959, 72 members being present. After the formal 
business, the Chairman gave a review of the year’s activities. 
Dr. E. C. Walton’s appeal on behalf of the Benevolent Fund 
brought forth £15 16s., which was more than last year. 





Annual Dinner-Dance of the North Midland Centre on the 
10th April at Leeds 


Shown here, from |. to r., are Mr. A. J. Coveney and Mrs. Coveney, 
Mr. J. D. Nicholson and Mrs. Nicholson, and Mr. H. A. Carr and 
Mrs. Carr 


Mr. Nicholson invited Mr. M. de Sausmarez to lecture on 
‘The mechanics of the art of painting’. Mr. de Sausmaarez 
gave an interesting exposition of the connection between 
mechanics and art, showing that the early painters based 
their pictures on geometrical constructions and how this was 
continued into modern times, modified by investigations into 
the interaction between line and colour. 

Mr. A. J. Coveney, Past-Chairman, in proposing a vote of 
thanks, said it was refreshing to listen to an authority on a 
non-technical subject. The lecturer had more than fulfilled 
our highest expectations and might encourage some of us 
to take a greater interest in painting. 
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Swinging at the ‘U’ 
All previous records were broken when the Centre held its 
Annual Dinner-Dance on Friday, 10th April 1959. The 416 
members and guests present were received by Mr. and Mrs. 
Nicholson. The number attending was considerably higher 
than in the past, and this was only made possible by a com- 
plete break in tradition and the holding of the function in 
the magnificent new refectory building at Leeds University 
instead of at Harrogate. 

A prize draw brought in the record sum of £172 for the 
Benevolent Fund. Dancing continued until 1.30 a.m., and 
the evening was considered to have been most successful. 


Utilization Group 


The Group’s last meeting of the session was held on the 
21st April 1959 in the Great Northern Hotel, Leeds, jointly 
with the Graduate and Student Section. Mr. A. R. Rumfitt 
announced from the chair that the Committee for the 1959-60 
Session would be that proposed by the present Committee, 
since no opposing nominations had been received. 

A Student, Mr. John Dawson, gave a talk on “The uses 
of amplidynes’, with a running commentary on a film, and 
competent answers to a series of searching questions from 
his audience of 35. Mr. Rumfitt thanked Mr. Dawson for a 
very good performance. Wi: 3.8. 


NORTH-WESTERN CENTRE 
The original approach 


E are now well past the halfway mark in a very busy 

session comprising over 30 Centre and specialized 
Group meetings, as well as general and specific invitations to 
meetings of kindred institutions and societies. With such a 
glut of raw material the reporter finds himself spoilt for 
choice. 

Prof. F. C. Williams in his Chairman’s Address com- 
mented on changes in electrical engineering since he was a 
student and instanced the contrast between the electronic 
valve used then almost exclusively as an amplifier operating 
on the straight part of its characteristic and the arrangement 
used at the end of the recent war for automatic aiming of a 
gun by radar, using not only the valve receiver but also pulse 
techniques, gates, counters, displays, feedback controls, 
electronic computation, servomotors and cathode-ray tubes. 

He went on to review the problems arising from this rapid 
development, particularly as regards university education. 
Progress is not automatic but depends ultimately on ‘inventive 
research’, and the original attitude of mind seems to be a 
rare commodity. The educational system should be designed 
to produce a continuing supply of such people. A keen 
inquiring mind and the ability to apply fundamental 
knowledge to new problems are far more valuable than any 
amount of specialized technical knowledge. 

The development of originality is made difficult at under- 
graduate level by the examination problem. Nevertheless, a 
stimulating teacher kept so by close contact with research 
activities can do much to encourage an original approach. 
At the postgraduate level, the student with a flair for origi- 
nality can be associated with some research project, possibly 
as a member of a team. 

Thus a strong research school can help the undergraduate 
school on both sides of the lecture bench as well as provide 
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facilities for postgraduate work. As an example of the way 
in which a chance observation when followed up can lead to 
an extensive and profitable field of research, he described the 
origin of digital-computer work in his own department. 


Papers and lectures 


It is unnecessary to comment at length on the many paper 
presented by the various authors, as these have been enjoyed 
and reported on by other Centres. Let it suffice to say tha | 
all meetings have been well attended, and the papers hay 
been followed by live and interesting discussions. A ver) 
satisfying feature was the number of papers of which Centr 
members were authors or joint authors. 

At the Ordinary Meeting in November, Mr. Melling mag f 
his official visit as a Vice-President of The Institution, M; 
Melling is a past member of the Centre, and many ok | 
colleagues were present to welcome him. f 

An outstanding event was the Faraday Lecture, held in 
the Free Trade Hall on the 24th February 1959, by Dr. H. 4. 
Thomas. Interesting and intriguing as the Lecture and jt 
presentation were, it was even more enlightening to ge 
behind the scenes and see the ingenuity in the design of the | 
demonstration equipment. It was unfortunate that’ ou 
Chairman could not preside at this important event, owing | 
to his absence in America. 1 

The Christmas Holiday Lecture was given three times in 
the Centre, at Salford, Bolton and Manchester, to enthusiastic 
audiences. A noteworthy fact was the considerable proportion 
of girls present, in one case nearly 30% of the audience. 

Mr. F. J. Emerson gave an informal lecture on ‘Electrical 
safety’ to the Utilization Group on the 10th February 1959 
Informal it certainly was, for Mr. Emerson has a style of 
his own, and his knowledge of and enthusiasm for this subject 
are well known. After an introductory talk, questions wer 
asked for, each of which led to another lecturette, until finally 
the Chairman closed the meeting after 24 hours which had 
passed almost unnoticed. We hope to see Mr. Emerson in 
the Centre again before very long. 

A ‘different’ affair was the 14th Annual University Lecture, 
given this year by Prof. G. L. Brook on ‘English dialects’ 
Previous University Lectures have covered subjects as diverse 
as ‘Radio astronomy’; ‘Why bother about poetry ?’; “Industry 
and the common law’; and ‘The wind and the rain’. 

Prof. Brook pointed out that a true dialect word should 
convey an idea not otherwise expressible and that the 
northern dialects have something to contribute in this way, 
though ‘gradely’ and ‘jannock’ are no better or worse than 
standard English words. After dealing with dialects associated 
with localities, he went on to deal with dialects associated 
with social classes, with age groups, with professions and 
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eet 


even with fashion writers. As an example of the latter be [J 


quoted ‘limited-income clothes for dignified maturity’ BO 
equivalent to ‘cheap clothes for fat old women’. Other | 
examples covered journalism, so-called ‘business’ English and | 
professional jargon. 


Annual Dinner 


The Annual Dinner of the Centre was held at the Midland \ 
Hotel, Manchester, on the !0th March 1959, when 463 
members and guests sat down under the chairmanship 0 
Mr. F. J. Hutchinson, in the absence of the Chairman 1 ' 
California. The Banqueting Hall was filled to capacity, th | 
demand for tickets having exceeded the accommodation. 
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Apart from the loyal toast, there were only two: ‘The 
Institution’, proposed by Dr. Ralston Paterson, Director of 
the Christie Hospital and Holt Radium Institute, which was 
replied to by the President, Mr. S. E. Goodall (another past 
member of the Centre); and ‘Our guests’, proposed by Mr. 
Hutchinson, to which the Deputy Lord Mayor of Manchester, 
Alderman Leslie M. Lever, responded. This comparatively 
short official programme left plenty of time for the informal 
reunions which are perhaps the most enjoyable feature of 
this annual event. H. G. B. 


SOUTHERN CENTRE 
Brighton steps out 


HE first dinner-dance of the Centre to be held at 

Brighton took place at the Bedford Hotel on the 10th 
April 1959. The traditional venue for the Centre’s function 
is Southampton, and this is being maintained—the Centre is 
now running two such events per annum. 

The function was a great success, and the 156 persons 
present had a very enjoyable evening under the chairmanship 
of Mr. W. D. Mallinson, Centre Chairman-Elect, who was 
deputizing for Mr. Bishop who was in the United States on 
business. 

We were pleased to have the company of a Vice-President 
(Mr. A. H. Mumford), who replied suitably to the toast of 
The Institution proposed by Mr. W. Stewart, the headmaster 
of Brighton College. 

Increasing help from organizations and employers in 
advising schoolboys on their careers was acknowledged by 
Mr. Stewart. In addition to apprenticeship schemes, university 
scholarships, and the information and encouragement now 
offered to schoolboys, Mr. Stewart particularly welcomed 
the work of the Industrial Fund. This, he said, had enabled 
many public schools to build science laboratories which they 
certainly could never have afforded. 

Arrangements are already being made for a similar function, 
also at the Bedford Hotel, Brighton, for some date in April 
1960. Judging by the popularity of this occasion, there might 
have to be some rationing of tickets. eo 





First dinner-dance of the Southern Centre at Brighton, on the 
10th April 1959 


> group shows, from |. to r., Mr. and Mrs. L. H. Fuller, Mr. and 
— W. D. Mallinson, Mr. and Mrs. W. Stewart, Mr. and Mrs. A. H. 
Mumford and Mr. H. W. Housley 
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WEST WALES (SWANSEA) SUB-CENTRE 


Entente cordiale at a film show 
T= Institution’s film “The inquiring mind’ was recently 
shown to three school audiences totalling 355 pupils. 
The schools were Llanelly Boys’ Grammar School; Glanmor 
County Secondary’ School for Girls, Swansea; and the 
Secondary Technical School for Boys, Swansea. At Llanelly 
the audience included 20 French boys who were visiting the 
Principality at the time. 

The film was presented at Llanelly by Prof. W. Fishwick; 
at Glanmor by Mr. J. Nelsey, supported by Miss C. Cross, 
who had travelled from Chippenham for the occasion; and 
at the Technical School by Mr. A. Evans. Considerable 
interest was shown in the film by the audiences, and many 
questions were asked on matters relating to careers in 
electrical engineering. 


District Meeting 


At the District Meeting held at Tenby on the 18th March 
1959 at the Area Offices of the South Wales Electricity Board, 
Mr. F. Mather read his paper entitled ‘Earthing of low- and 
medium-voltage distribution systems and equipment’, an 
article based on which appeared in the April 1958 Journal 
on p. 180. Mr. W. E. Richardson, who had convened the 
meeting, took the chair before an audience of 53, comprising 
16 members and 37 visitors. 

Mr. Mather gave a concise précis of his paper, and with 
the aid of slides he was able to illustrate many of the diagrams 
and tables contained in it. His paper was received with con- 
siderable interest by all present. 

The discussion and questions which followed indicated 
clearly the value and importance of the subject of protective 
multiple earthing. Opening the discussion, Mr. J. Copland 
referred to problems relating to soil resistivity. Seven other 
speakers followed him with questions and comment dealing 
with the number of consumers who could be supplied from 
a p.m.e. system, the number of staff required to carry out 
surveys, the effect of a broken neutral conductor, centre-point 
earthing of transformers, values of safe voltages, and the use 
of earth-leakage circuit-breakers. 

At the end of a most interesting meeting, Mr. F. W. 
Hammersley proposed a vote of thanks to Mr. Mather on 
behalf of an enthusiastic audience, many of whom were able 
to renew their acquaintance with the lecturer. A. E. 


SCOTTISH CENTRE 


Graham Clark Lecture 


T= Scottish Centre was honoured by having Sir Arnold 
Plant repeat his Graham Clark Lecture in Edinburgh on 
the 23rd April 1959. The subject was ‘Engineering in an 
expanding economy’, and the full text will be found on p. 363. 
It was a pleasure to hear the Lecture delivered in person and 
an even greater pleasure to be permitted to have a subsequent 
informal discussion. Sir Arnold gave very forthright answers 
to questions about the value of mergers of already large 
organizations; about the action of certain rich countries in 
restricting imports in times of recession, thereby transferring 
the recession to underdeveloped countries; and about the 
reluctance of British firms to release promising potential 
managers for proper training. 
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It was gratifying also to hear Sir Arnold express the view 
that, contrary to some opinion, engineers do, in fact, make 
good administrators. Many guests from the Institutions of 
Civil and of Mechanical Engineers were present, and the 
thanks of the meeting for a most inspiring address were 
expressed by Mr. C. M. Wilson, President of the East of 
Scotland Association of the Institution of Civil Engineers. 


Psychology and fish 

After the Annual General Meeting of the South-East 
Scotland Sub-Centre in Edinburgh on the Sth May 1959, 
the customary short papers by a member of the Graduate 
and Student Section and by a senior member were presented. 
Mr. D. Maclennan gave a shortened version of his paper on 
‘Analogues’, previously presented to the Graduate and 
Student Section. 

The particular analogy discussed was that between an 
electrical system and human behaviour as investigated by 
psychologists: a person’s I.Q. can be regarded as an impe- 
dance and can be split into components in the same way as 
an impedance can be resolved into resistance and reactance; 
for two persons to communicate ideas effectively or even to 
live harmoniously together it is desirable that their 
‘impedances’ be ‘matched’. An analogy forms a_ bridge 
between two branches of knowledge and should be used 
only in going from one to the other—one does not build 
houses on a bridge. Mr. Maclennan dealt very effectively with 
a number of tricky questions raised in the discussion. 

Following an interval for tea, Mr. C. M. Beckett, an 
enthusiatic and apparently successful fisherman, gave a talk 
‘Nurtured by Nosheb’, an account of the work of the North 
of Scotland Hydro-Electric Board in preserving Highland 
fish. Mr. Beckett gave an extremely interesting and well 
illustrated account of the habits of the salmon and the trout, 
and a very lively discussion followed; several contributors 
considered that the Board had gone rather too far in 
‘preserving’ the fish, in that they seemed to have made them 
too difficult to catch! E. O. T. 


WESTERN CENTRE 


Annual Dinner- Dance 


T= Annual Dinner-Dance was held this year at the Grand 
Hotel, Bristol, on the 3rd April 1959, and the Chairman 
was Mr. R. W. Steel. This is an event which is looked forward 
to as the highlight of the season, and undoubtedly this 
proved to be the case on this occasion. We had the pleasure 
of the presence of the President, Mr. S. E. Goodall, and the 
Secretary, Mr. W. K. Brasher, with their ladies. 

The toast of our guests and kindred societies was proposed 
by Mr. Steel and responded to by Mr. L. G. Semple, regional 
director of the Post Office. Mr. Semple then proposed the 
toast of The Institution, and this afforded him considerable 
opportunity for some very appropriate remarks. The response 
to the latter toast was made by the President, who enlarged 
on many aspects of The Institution, and particularly with 
regard to the building extensions, now in the course of 
construction. The health of the Chairman was proposed by 
Mr. A. N. Irens, who remarked how happy he was to do so, 
having known him for a long period. 

The proceedings then extended to the dance, which drew 
merry dancers onto a crowded floor, and there is no doubt 
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that the Dinner-Dance was a great success. A very substantia} 
amount was collected for the Benevolent Fund. 


Summer Meeting at Carlyon Bay 


The Summer Meeting of the Centre was held at Car} yon 
Bay, St. Austell, from the 8th to 11th May 1959 and presided 
over by the Chairman, Mr. Steel. The attendance was nearly 
100, and the meeting commenced on Friday night with a 
dinner and ‘get-together’ dance. Those who have attended 
these Summer Meetings were glad to forgather again, and 
those who came for the first time were made welcome. 


Western Centre Annual Dinner-Dance at Bristol 
Mr. W. K. Brasher, Mr. R. W. Steel and Mr. S. E. Goodall, with 
their ladies 


On Saturday morning there was a general game of golf, 
when a good proportion of those available indulged in 
knocking a ball and sometimes failing to do so. The course 
proved a good introduction to the Cornish air, which blew 
over as a nice breeze. The motor rally was the event for the 
afternoon, when with mysterious clues we wandered from 
Carlyon Bay to St. Mawes. Some of us found ‘Cornish 
shadows’ beyond our usual ken and were forced to open 
the envelope to find out where we were supposed to be, On 
Saturday night the only formal dinner was held, but without 
any speeches, and this was followed by a dance up to midnight. 

Sunday was the golfers’ day, when they could be in earnest, 
not having to tolerate almost unforgivable atrocities. The 
lesser beings played on the putting green or visited the local 
churches, gardens, and other places of interest. On Sunday 
night we gave prizes to the winners of the golf, putting and 
rally competitions. A concert followed, which was mainly 
carried on by members and was as topical as possible, with 
lively interjections from the audience. Three local artistes 
contributed to an amusing time. 

Monday morning brought the time for farewells, and 
expressions of goodwill and ‘Here’s to the next time’ were 
heard on all sides. 

During these frivolities the Benevolent Fund was not 
forgotten, and between the putting fees and the raffle a good 
sum was collected. 

Our thanks are due to the local committee for the admirable 
arrangements they made, and particularly to Mr. W. Dudley 
Morgan, who so ably steered the various events to a happy 
conclusion. D. Jt 
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